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Debate 


It’s good to see that there is a lively debate on various aspects of the magazine going 
on via our Readout pages and on the Chat Zone. In particular the opinions on the use of 
high-level languages, like “C”, in programming PIC microcontrollers is bringing up 
some interesting and varied pointers and we are following it with interest. 

The comments on soldering are also interesting and no doubt helpful to other readers. 
Although I must say that there seems to be a fear of lead free soldering. Our article in the 
May 2004 issue explored this subject and is well worth reading, especially for those that 
are worried about the change. You can order back issues from the shop on our UK web- 
site or see page 64. 

Everyone’s views are of interest to us and we do note your comments on the Chat 
Zone, the telephone, in emails, letters and subscription renewals etc. They all help us to 
keep the magazine on track. I should, however, point out that if you require a response 
from the Editorial team then you must email us (see the email address on the top right of 
this page) and not post your request to the Chat Zone. 


A Nice Chat 


Unfortunately there has been some “misuse” of the Chat Zone recently and our admin- 
istrator Alan Winstanley has had to edit or delete various postings where readers have been, 
shall we say, “overcritical” of others. We will keep strict control of the Chat Zone, which 
is an “extension” of the magazine and will not allow any postings which we consider in any 
way inappropriate. Some posters see this as censorship and I suppose, in a way, that is what 
it is — it will continue in order for the Chat Zone to remain a “safe” and friendly place for 
everyone, young or old — see this month’s Network for more information. 

There are plenty of places on the Web where those that wish to can conduct slanging 
matches or indulge in bad language etc., our Chat Zone is not, and will not be, one of 


them. 


AVAILABILITY 

Copies of EPE are available on subscription 
anywhere in the world (see opposite), from all 
UK newsagents (distributed by COMAG) and 
from the following electronic component retail- 
ers: Omni Electronics and Yebo Electronics 
(S. Africa). EPE can also be purchased from 
retail magazine outlets around the world. An 
Internet on-line version can be purchased and 
downloaded for just $15.99US (approx £9.50) 
per year available from www.epemag.com 
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SUBSCRIPTIONS 

Subscriptions for delivery direct to any address in the 
UK: 6 months £17.50, 12 months £33, two years £61; 
Overseas: 6 months £20.50 standard air service or 
£29.50 express airmail, 12 months £39 standard air ser- 
vice or £57 express airmail, 24 months £73 standard air 
service or £109 express airmail. To subscribe from the 
USA or Canada see page 35. 

Online subscriptions, for downloading the magazine via 
the Internet, $15.99US (approx £9.50) for one year 
available from www.epemag.com. 

Cheques or bank drafts (in £ sterling only) payable to 
Ever) hae Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. 
Fax: 01202 874562. Email: subs @ epemag.wimborne.co.uk. 
Also via the Web at: http:/www.epemag.wimborne.co.uk. 
Subscri ote start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Maestro or Visa. (For past 
issues see the Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £7.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
ened more for overseas. 


Payment in £ sterling only please. Visa, Amex, Diners 
Club, Maestro and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig- 
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus- 
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate. 
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READERS’ TECHNICAL ENQUIRIES 

E-mail: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_ self- 
addressed envelope and international reply 
coupons. We are not able to answer techni- 
cal queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is reli- 
able. We cannot, however, guarantee it and we 
cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD adap- 
tor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 

We advise readers to check that all parts are 
still available before commencing any pro- 
ject in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable that 
advertisements are bona fide, the magazine 
and its Publishers cannot give any undertak- 
ings in respect of statements or claims made 
by advertisers, whether these advertisements 
are printed as part of the magazine, or in 
inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 


A roundup of the latest Everyday 
News from the world of 


electronics 


PATENTLY CLEVER 


Barry Fox reports on some recent patents filed 


Toy Story — The Musical 


A series of patents filed by the Disney 
empire reveal a neat idea for making elec- 
tronic toys cheaper and cleverer (US 
2004/0081078). Disney is adding a new 
twist to the old idea of making a toy animal 
move in time with audio trigger signals 
coming from a loudspeaker. 

A digital control message is broken 
down into several parallel data streams 
and each stream used to modulate a musi- 
cal note by wavering its loudness. All the 
wavering notes are then combined into a 
musical chord, like the chords made by 
strumming all the strings of a guitar or 
playing a handful of piano keys. 

The data chords are vaguely musical so 
do not sound offensive. They are also 
strong enough to cut through background 
noise in a playroom or car. So a CD played 
on a car stereo can make an animal per- 
form tricks for kids in the back seat — with 
no need for the expense of a wireless sys- 
tem like Bluetooth. 


Boeing Broadbands Hijackers 


Boeing is patenting a clever anti-terror 
trick (WO 2004/025600). Sooner or later 
terrorists will find a way to get weapons 
on board a plane and into the cockpit, 
warns Boeing. They will also disable any 
system that is preset to fly the plane to a 
safe location. The most important thing 
then will be to give the ground services 
real time information. 

By good fortune — or forward planning — 
more and more planes are now equipped 
with broadband connections, for passenger 


movie and web entertainment. “There 
would be little interest in the case of a 
hijack situation in surfing the Internet” 
says Boeing, in a classic understatement. 
So in an emergency the full bandwidth of 
the system is automatically switched to 
transmit a live audio and video surveillance 
feed, from hidden cameras and micro- 
phones. Ground services then know exact- 
ly what is going on in the air. 


Personalising Your Game Play 


Sony is staking a patent claim on radi- 
cally new ways of enjoying computer 
games and home entertainment in the 
future (US 2004/0267118). The system 
builds on research work described in the 
Journal of Neuroscience (Reconstruction 
of Natural Scenes from Ensemble 
Responses in the Lateral Geniculate 
Nucleus, Garrett B Stanley, Sept 15, 1999) 
(www.jneurosci.org/cgi/content/abstract 
/19/18/8036). 

Pulses of ultrasound are fired at the 
head, from modified hi-fi headphones, to 
alter the firing pattern of neurons in a 
localised area of the brain and create sen- 
sations of light, sound, touch, taste and 
smell. The effect varies from person to 
person so Sony's system uses a library of 
basic effects which users can fine-tune 
for themselves. 

Two transducers on a headband generate 
the same pulse pattern, but slightly out of 
step, so that interference patterns focus the 
pulses into a tight beam — much like a 
phased array radar antenna focuses 
microwaves. The generated sensory experi- 


ence is not claimed to be exact, says Sony, 
but that does not matter for gaming which 
is an unreal experience anyway. 


Mobile Disguise 


Mobile phone owners can already buy a 
gadget that plays a recording of office noise, 
or train delay announcements, down the line 
as a background to speech. So time spent in a 
pub or club is disguised as overtime or travel. 

Patents filed recently by Lawrence 
Hoffman of Portland, Oregon adds a new 
tech twist to the idea of online deception 
(US 2005/0208931). 

As the inventor rightly says, some phone 
calls just go on too long. While the caller 
rambles on, the other party is in a hurry to 
go out or have dinner, or is just plain bored. 
The perennial problem is how to end the 
call without seeming rude. 

The patent describes a neat solution that 
takes advantage of the fact that calls to or 
from a mobile often drop out of their own 
accord. When a train goes into tunnel, a car 
drives through a dead cover spot, or a lift 
descends through a tall building, there is 
usually a digital burbling sound, followed 
by dead silence. When the battery is going 
flat the phone injects warning beeps just 
ahead of shut-down and cut-off. 

So the new phone will have a library of 
pre-recorded warning sounds that the owner 
can trigger just ahead of abruptly hanging 
up without causing offence. The trick can be 
used for fixed phones as well as mobiles, 
because the party at the other end is so used 
to the sound of dropped calls from a mobile 
that the effect rings subconsciously true. 


TOMORROW'S TV 
WORLD 


Students are learning the next generation 
of TV technology in a unique new 
£300,000 high definition TV Lab at De 
Montfort University where academics are 
also conducting multimillion pound 
research to develop 3D TV. State of the art 
equipment in the new high definition TV 
lab includes a £23,000 DVB/ATSC com- 
bined encoder and multiplexer for process- 
ing multiple data streams, which is so new 
it's the only one in the UK. 

The students at De Montfort University's 
Leicester Faculty of Computing Sciences 
and Engineering are also using real time 
high definition editing facilities in the new 
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lab as well as high definition cameras 
which will soon be used by TV crews 
around the UK. 

The funding is a “Network of 
Excellence” grant from the European 
Union. Networks of Excellence are 
designed to bring the very best 
researchers from across Europe together 
to conduct cutting-edge research into 
difficult or challenging fields at an 
internationally recognised level. The 
award is funding the University's 
Imaging and Displays Research Group 
which has established an international 
reputation for excellence in developing 
3D displays. 

De Montfort is also launching a unique 
Masters degree in Digital Television and 


Video Technology next September. The 
MSc, like existing undergraduate degrees 
in Media Production and Broadcast 
Technology, is run in conjunction with the 
BBC and students spend part of their 
course training at the BBC Wood Norton 
Training and Development Centre near 
Evesham. 

Professor Musa Mihsein, Dean of the 
Computing Sciences and Engineering 
Faculty, said: “De Montfort University is 
now one of the leading institutions for its 
3D TV research and is setting the 
standard for vocational teaching hand in 
hand with industry to produce high cali- 
bre graduates ready for work in the next 
generation of TV, video and other 
creative industries.” 


Everyday Practical Electronics, February 2006 


Stor Vision miniVCR 


StorVision has announced the release of 
the StorVision miniVCR, which aims to 
record direct from a TV to a Memory Stick 
Duo Gaming card or CF/Microdrive and 
playback onto handheld viewing devices 
such as the Sony PSP. The miniVCR is 
primarily targeted at Sony PSP, Epson 
P2000, Nintendo Gameboy Micro and 
iPod Viewer owners so they have the 
facility to easily record movies, TV pro- 
grammes, sport matches and watch them 
anywhere on their gaming console. 

The miniVCR is powered from the 
mains and connects with Audio/Video 
composite cables to a TV set, and is very 
easy to use via the supplied remote con- 
trol. The miniVCR also lets the user play- 
back MP3 music, as well as view JPEG 
photos from CF/Microdrive cards (other 
cards via an optional CF 5-in-1 adapter). 


Although the product is not directed at 
the photographics market the versatility of 
this device makes it a useful accessory. On 
the digital photography side, it enables the 
user to view direct onto a television most 
types of memory cards through one unit 
making it easy to share photos. Also, if the 
user owns a Sony PSP or an Epson P2000, 
they will be able to easily record any 
movie or TV programme and watch it 
whenever and wherever they want. 

StorVision is a newly established com- 
pany specializing in portable Multimedia 
and backup devices for the digital tech- 
nology market including Digital 
Photography. The miniVCR is retailing 
at £99.90 including VAT in the UK. 

Further information is available from 
http://www.stor-vision.com 
/miniVCR.htm. 


LEAD FREE TESTING 


With lead-free soldering proving to be 
one of the biggest challenges currently fac- 
ing the electronics industry, Farnell InOne 
has launched a new “test and try” cam- 
paign to ensure electronics and electrical 
engineers are fully equipped to deal with 
the changes required by the EU Restriction 
of the Use of Certain Hazardous 
Substances (RoHS) directive. This is sup- 
ported by key legislative and technical 
information on lead-free soldering in 
Farnell InOne's RoHS Technical & 
Legislation Manual at www.rohs.info. 

Farnell InOne is offering engineers the 
chance to “test and try” two-metre lengths 
of lead-free solder wire, costing as little as 
99p, to enable them to trial the different 
products before coming to a full reel. 

The catalogue highlights key points to 
consider when deciding to upgrade or 
change solder tools in a leaded solder 
process, as well as providing a useful Q&A 
section to answer some of the most 
frequently asked questions. For more infor- 
mation browse www.farnellinone.co.uk 


Temperature Recorder 


A new low-cost single-use temperature 
recorder that lets users easily monitor tem- 
perature fluctuations during the shipment 
or storage of goods has been introduced. 

The MadgeTech TRANSITEMP-EC is a 
device that provides a record for up to 90 
days. It can log up to 8191 measurements in a 
non-volatile memory, and then be connected 
to a PC to display the history. It has a push- 
button start which is date and time stamped. 

Contact MadgeTech, 201 Route 103 
West, PO Box 50, Warner, NH 03278, 
USA. Web: www.madgetech.com. 


USB 5-in-1 Scope 


Audon Electronics' Handyscope HS3 
is a powerful USB computer controlled 
measuring system that consists of five 
instruments in one: multimeter, oscillo- 
scope, spectrum analyser, transient 
recorder and an arbitrary waveform 
generator. Connected to the fast USB 
2.0, the Handyscope HS3 doesn't 
require an external power supply, and is 
equally at home in the laboratory or in 
the field. 

The Handyscope HS3 features a user 
selectable 12-bit, 14-bit or 16-bit resolu- 
tion, 200mV to 80V full scale input range, 
128K samples record length per channel 
and a sampling frequency up to 1OOMHz 
on both channels. 

The integrated arbitrary waveform genera- 
tor operates fully independent of the 
measuring system. It has a 5|0MHz sampling 
clock, 1024/128K samples deep waveform 
memory, 14-bit output resolution and a 
+12V output range. The Arbitrary Waveform 
Generator allows you to generate test signals 
for your measurements in any shape you 
like. Several standard signal shapes are avail- 
able and it is possible to regenerate previous 
measured signals. 

The universal software turns your PC 
into a storage oscilloscope, a spectrum 
analyser, a voltmeter and a transient 
recorder. An intelligent auto setup allows 


the inexperienced user to perform measure- 
ments immediately. The software allows 
you to save instrument settings on disk. 
Later these setting files can be recalled, 
reducing the setup time of your instrument 
to an absolute minimum. 

A major advantage is the ability to work 
with third party software tools through the 
use of a Windows DLL file. Examples 


_-}| Oscilloscope 


written in LabVIEW, MatLab, VB, Delphi 
and C++ are supplied on the disk. 

There are five models in the range: HS3- 
5, 5MHz, £435.00; HS3-10, 10MHz, 
£530.00; HS3-25, 25MHz, £610.00; HS3- 
50, 5OMHz , £776.00; HS3-100, 100OMHz, 
£820.00. Prices exclude VAT and delivery. 

For more information contact Audon 
Electronics, tel: 0115 925 8412. Fax: 0115 
925 9757. Email: info@audon.co.uk. Web: 
www.audon.co.uk 
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The control circuitry 
can either be mounted 
remotely from the 
keypad (and connected 
to it via a cable) or 
plugged directly into 
the back of the keypad 
unit. 


sie Ar tsar 


A highly flexible 
keypad alarm 


This versatile little alarm can be used as a 
stand-alone alarm system for your home, 
commercial premises or car and also for 
keypad door entry. Or it can be incorporated 
into a larger main alarm system if required. 


By JOHN CLARKE 


EYPADS ARE OFTEN used in 

security systems since they avoid 
having to use a key or remote control, 
both of which can be lost or copied. 
Keypads are also widely used in 
commercial buildings to allow access 
through doors. 

Here we are presenting a stand-alone 
keypad alarm system which, with the 
addition of a siren, a passive infrared 
detector and door switches, will pro- 
vide a basic security system for the 
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home, office, church or hall. Installed 
in acar, the keypad alarm can incorpo- 
rate an engine immobiliser, as well as 
standard burglar alarm features. 

To use the system, a number is 
entered in using the keypad. If the 
entered number is correct, the unit 
will respond accordingly and either 
arm or disarm itself and operate a door 
lock release, if connected. Exactly how 
the keypad alarm responds depends 
on the application and how the timer 


and options are set. For example, when 
used for keyless door entry, the unit 
needs to be always armed but operate 
the door lock release each time the 
correct code is entered. 


Features 

The list of features of this alarm 
is so extensive that it will take more 
space to briefly describe them all than 
to describe the circuit itself. That’s 
because all the features are a result 
of the programming of the PIC micro- 
controller. Nevertheless, describe the 
features we must, so we will keep it 
as brief as possible. 

For use as an alarm, the system needs 
to be armed on exit and disarmed on 
entry. Each application requires differ- 
ent operating characteristics and the 
alarm has a host of features which can 
be tailored to suit. External inputs and 
outputs include delayed and instant 
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alarm inputs, and armed and alarm 
outputs. 

The alarm output can only be acti- 
vated by the inputs after the exit delay. 
Instant and delayed inputs can be a 
passive infrared detector and door or 
window switches. Alternatively, the 
alarm can sound when the keypad is 
tampered with or if a duress code has 
been entered. 

The tamper alarm is activated if 
more than five incorrect attempts are 
made within a 90-second period. The 
3-digit duress code sounds the alarm 
when required. In each case, the alarm 
is deactivated by entering the correct 
code. 

Three separate codes are available: 
Master, User and Service codes. All 
three codes can be different but must 
be of the same length. Either the Master 
or User code can be used to arm and 
disarm the alarm. The two different 
codes are included for use when sev- 
eral keypads are installed to operate 
door lock releases on separate doors. 
The Master code will gain access 
through all keypad operated doors, 
while the User code only allows entry 
to selected doors. These codes can 
be anywhere from 1-12 digits long. 
The last three digits of the user code 
become the Duress code. 

The Service code is provided to 
change the codes, the various timers 
and options. The Service code itself 
can be changed and if a new Service 
code is entered, it also sets the length 
of the User and Master codes. If, for 
example, the Service code is six digits, 
then the User and Master codes must 
also be six digits. Generally, a 4-digit 
code is sufficient to provide adequate 
security. With four digits, the possible 
combinations are more than 14,000 
(using digits 0-9 plus the * key). 

If the entry or Service codes for the 
keypad are lost or a mistake is made 
on changing a code and the keypad 
becomes inoperable, there is a way 
to restore operation. This involves 
having several inputs tied to ground 
when power is applied to return to the 
default codes and settings. 


Timers 

The service mode also allows the 
various timing delays involved with 
keypad and alarm operation to be 
changed. All time periods can be set 
from 1-99s in 1-second increments. 
The delayed and instant input timers 
determine the time before the alarm 


MAIN FEATURES 


1 to 12-digit codes 

Separate Master and User codes 
@ Service code to alter codes and 
parameters 
Duress code to start alarm 
Instant and delay inputs 
Inputs triggered on change 
Optional easy exit input 
Exit delay 
Keypad tamper alarm 
Door lock output and indicator 
Armed output and indicator 
Alarm warning period 


is sounded after being activated. This 
delay gives time to enter the build- 
ing and switch off the alarm before it 
sounds and is necessary if the keypad 
is mounted inside. The default set- 
tings are one second for the instant 
input and 10 seconds for the delayed 
input. 

Similarly, the default for the exit 
delay (allowing you to leave the 
building after arming the alarm) is 15 
seconds. 

In addition, the instant input can be 
configured as an exit input — a switch 
on this input will arm the keypad 
alarm instead of the user having to 
enter the code on the keypad. 

A door timer sets the duration that 
power is applied to an electric door 
striker, to give sufficient time to open 
the door. The default value here is 
five seconds. 

Yet another timer sets the alarm du- 
ration (the default is 60 seconds). By 
the way, when we speak of a “default 
setting”, it is the setting you get if you 
don’t program in a setting. 

There is also an “alarm warning 
timer”. This sets the time period be- 
fore a small piezo transducer in the 
keypad sounds and serves as a warning 
before the main alarm. The default is 
five seconds. Note that the alarm time 
starts at the beginning of the alarm 
warning period. Thus, the alarm warn- 
ing period reduces the main alarm 
duration. There is no alarm warning 
if the keypad is tampered with or the 
duress code has been entered. 

Finally, there is the keypad entry 
timer which sets the period during 
which the code must be entered. The 
default is five seconds but may need 
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Audible key entry acknowledge 
Key entry reset using # 
Keypad entry timeout 
All codes can be changed via 
keypad 

e@ Adjustable timing parameters 
Alarm mode and keyless door 
entry options 
Default return facility for all 
codes, parameters and options 
Powers up in armed mode 
12V operation at 15mA 
(ancillaries extra) 


to be extended if the code is 12 digits 
long 

If you make a mistake when enter- 
ing the code, you can either press the 
hash (#) key to reset the timer or wait 
for it to time out before trying again. If 
an incorrect code is entered but with 
the correct number of digits, the cor- 
rect code can be immediately entered 
in again. 


Arming options 

Various options are also available 
to configure the following operations: 
arming, the door lock, the instant in- 
put and the armed output. For alarm 
installations, the unit must be armed 
and disarmed alternately, with each 
code entry. By contrast, keyless door 
applications will require that the 
unit be re-armed each time the code 
is entered. 

Operation of the door lock will also 
depend on the application. For alarm 
use, for example, you may need to be 
able to arm the unit with the door lock 
activated — eg, so that you can exit 
the door when the keypad is mounted 
inside. 

By contrast, an outside mounted 
keypad will need to operate the door 
lock on disarming, so that you can 
gain access. And in some cases, the 
door lock will need to operate on both 
arming and disarming. All of these 
options are available. 

Operation of the armed output 
can be altered as well. The default 
setting is with the output transistor 
conducting to ground when the unit 
is armed. When disarmed, the output 
can be pulled high with a resistor to 
the +12V supply. 
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REG1: 78L05 


Qe <0» 


IN OUT 


Q1, Q2: BC337 


REG1 78105 


STATUS (RED) 


DI 
1N4004 


102 
+ 


TO 12V 
BATTERY 


DOOR 
O STRIKE 
OUT 


Q3: BD681 LEDS 


D1, D4, D5 
1N4004 


KEYPAD ALARM : oar 


Fig.1: a PIC16F84 microcontroller (IC1) forms the heart of the circuit and is used to monitor the keypad and the 
delayed and instant inputs. It also controls the various outputs. 


Alternatively, you can have the out- 
put transistor conducting (to ground) 
when the unit is disarmed and open- 
circuit (pulled to +12V using a resistor) 
when armed. The armed output can 
control a main alarm unit or switch 
on an immobiliser in a car. It generally 
would not be used in keypad entry 
applications. 


Status LEDs 

The armed and door lock functions 
are both indicated with LEDs. First, 
the status LED (red) flashes once a 
second when the unit is armed and is 
off when the unit is unarmed. In alarm 
mode, this LED also flashes at a 2Hz 
rate to indicate the exit delay period, 
reverting to the 1Hz rate afterwards. 
In “service mode”, however, the status 
LED is constantly lit. 

The door lock LED (green) lights 
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only while the electric door striker 
plate is powered. There is no alarm 
indication, except for the tone that 
occurs during the alarm warning 
period. 


Circuit details 


The circuit for the keypad alarm 
is shown in Fig.1. IC1, the PIC16F84 
microcontroller, is the heart of the cir- 
cuit and it is used to monitor the keypad 
and the delayed and instant inputs. It 
also controls the various outputs. 

The keypad is a matrix of four rows 
by three columns. Two of the switch 
column connections go to outputs 
RB2 and RB3 respectively, while the 
third column connection goes to 0V 
(ground). The row connections are 
monitored by the RB4-RB7 inputs 
which are normally held at +5V via 
internal pullup resistors within IC1. 


The delayed and instant inputs at 
RBO and RB1 are normally held at +5V 
via internal pullup resistors. However, 
the micro can detect changes of state 
of either polarity, so if these inputs are 
held low by normally closed switches 
and they are opened, this can trigger 
the alarm condition. 

False triggering is prevented in the 
following way. After the micro first 
detects a change in level at RBO or 
RB1, it then checks again, after a short 
delay. If the voltage remains at the new 
level, the micro decides that this was 
a genuine change in level. Conversely, 
if the level is different after the delay, 
the program then decides the original 
change in level was a glitch or only 
a very momentary change and so is 
ignored. 

The piezo transducer is driven viaa 
square-wave signal at the RA2 output 
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of IC1 to produce a tone. It is used to 
acknowledge each key entry and pro- 
vide the alarm warning tone. Diodes 
D2 and D3 are included to prevent 
sound in the piezo transducer when 
the RA2 output is nominally low (ie, 
at OV). What actually happens is that 
switching operations at other inputs or 
outputs can be reflected as very small 
voltage excursions above OV and these 
would be heard in the transducer if the 
diodes were not included. 

Outputs at RA3, RA1 and RAO drive 
the alarm out, armed out and door 
strike transistors respectively. When 
RA3 is high, the base of Q1 is driven 
via the 220Q resistor to switch on the 
transistor. The alarm out signal at the 
collector can sink a nominal 600mA 
maximum to drive a siren and flasher. 
Diode D4 protects Q1 against back- 
EMF spikes if the siren is an induc- 
tive load. 

Transistor Q2 is driven via the 220Q 
base resistor at the RA1 output. This 
transistor can also sink up to 600mA. 
It can be configured to switch on 
when armed and off when disarmed, 
or switched off when armed and on 
when disarmed. If required, a pullup 
resistor can be connected between Q2’s 
collector and the 12V supply. 

Output RAO drives Darlington 
transistor Q3 which is suitable for 
powering an electric door strike. This 
comprises a solenoid which releases 
the striker plate to allow a door to be 
opened. Diode D5 quenches the back- 
EMF caused by the inductive load of 
the solenoid when switched off. The 
transistor is set to sink a nominal 1-3A 
with the 2-2kQ base resistor. Up to 4A 
can be handled if a 680Q base resistor 
is fitted. 

The door open operation is indicat- 
ed with the Lock LED (LED2), driven 
from the same RAO output. 

IC1 uses an RC oscillator as its refer- 
ence to set the various timing functions 
within its program. The oscillator 
components are the 39pF capacitor 


7-WAY SOCKET CUT FROM 
14-PIN DIL SOCKET 


DELAYED 
INPUT 


INSTANT 
INPUT 


+12V 
ALARM 
OUT 
ARMED 
OUT 
DOOR 
STRIKE 
GND 


METAL SIDE GND 


OUTWARDS 


Fig.2: install the parts on the PC board as shown here. The PIC micro-con- 
troller (IC1) is installed in a socket and is left out of circuit until after the 
initial power supply checks have been made. 


and 4-7kQ resistor at pin 16. It runs 
at about 2.7MHz. 

Power for the circuit is provided 
from a 12V SLA (sealed lead-acid) 
battery or car battery (when used 
in a car). The SLA battery is kept 
charged using a plugpack style SLA 
charger. Power is fed to the input of 
the regulator via a 10Q resistor and 
diode D1. The diode provides polar- 
ity protection while the 10Q resistor 
limits current when the 16V Zener 
conducts due to voltage spikes in an 
automotive installation. 

REG1 provides the 5V supply for IC1 
while the 100uF and 10uF capacitors at 
the input and output filter the voltage 
and ensure stability of the regulator. 


Construction 

The keypad alarm is constructed on 
a PC board coded 552 and measuring 
78 x 48mm. It is mounted in a small 
plastic utility box. The keypad sits in 
a cutout in the front panel. 

As an alternative to one-piece 
construction, it could be built as two 
separate units with the keypad remote 
from the circuit box and connected 


4-Band Code (1%) 

yellow violet red brown 
red red red brown 
brown black red brown 
red red brown brown 
brown black black brown 
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with 7-way cable. The component 
wiring diagram is shown in Fig.2. We 
recommend the separate construction 
method if the keypad is to be installed 
outside a building, to prevent any 
tampering with the electronics. 

Begin construction by checking the 
PC board for any shorts between tracks 
or any breaks in the copper pattern. 
Check also that the holes are drilled 
to suit the components. The corners of 
the PC board also need to be shaped 
to clear the integral pillars inside the 
plastic case. 

Install the resistors and wire link 
first. Table 1 shows the resistor colour 
codes. Use your multimeter to check 
the resistor values as well. That done, 
install the diodes, taking care to install 
the Zener in the correct place. Install 
and solder in the two PC stakes. 


Value Old Code ElACode IEC Code 
100nF 0.1uF 100n 104 
39pF 39pF 39p 39 


5-Band Code (1%) 

yellow violet black brown brown 
red red black brown brown 
brown black black brown brown 
red red black black brown 
brown black black gold brown 
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Reproduced by arrangement 


with SILICON CHIP 
magazine 2006. 
www.siliconchip.com.au 


DELAYED 
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INSTANT 
INPUT 


MOMENTARY 
PUSHBUTTON 


FOR EXIT 
i SWITCH 


NC NC 
NC NC 


INPUT OPTIONS 


+12V 


HORN/SIREN 


+12V 


RI* 


TO MAIN 
ALARM OR 
IMMOBILISER 


DOOR STRIKE alae 
SOLENOID | 


OUTPUT OPTIONS 


*R1 = 2.2k WHEN USED 
WITH IMMOBILISER 
FROM SILICON CHIP 

JANUARY 1999 
(SENSE CLOSED/LOW 
ON DISARM) 


+ 


12V SLA BATTERY 


ALARM/KEYPAD LOCK FUNCTIONS 


+12V VIA 


CAR 
CHASSIS | oe 
AUTOMOTIVE USE 
POWER OPTIONS 


Fig.3: the input, output and power options for the keypad unit. Both the 
delayed and instant inputs can be connected to either normally open (NO) 
or normally closed (NC) switches but do not mix these two switch types on 
the same input. 


Q1 and Q2 are both mounted with 
the top of the transistor body 8mm 
above the PC board. Transistor Q3 
mounts with its leads bent over at 90° 
and sitting on top of Q1 and Q2. Q3 
should have its metal face upwards. 

Next, install the 5V regulator, the 
capacitors and IC socket. Take care to 
orient the socket and the electrolytic 
capacitors with the correct polarity. 
The keypad connection uses a 7-way 
socket cut from a 14-pin DILIC socket. 
Cut the socket with a sharp utility 
knife to obtain the two socket strips. 
The second strip is soldered to the 
underside of the keypad. 

The LEDs are soldered with their 
tops 21mm above the PC board. Final- 
ly, install the 8-way terminal strip. 


Mounting the keypad 


Mark out the required cutout for 
the keypad and cut this shape out by 
drilling a series of holes around the 
perimeter first and then knocking out 
the piece. File to shape afterwards. 

Four holes are required for mount- 
ing the keypad. Use a 2.5mm (3/32- 
inch) drill. 

The keypad is connected to the 
PC board using the IC socket strips 
on both the keypad and PC board, 
with a 7-way pin header plugged in- 
between these. For the separate unit 
version, connection is via 7-way cable 
plus two extra wires for the piezo 
transducer. 

The piezo transducer can be either 
mounted on top of a 10mm standoff 
for the single-unit installation or on 
the back of the keypad for separate 
units. The piezo transducer should be 
loud enough with the sound coming 
through the keypad itself. Extra holes 
can be drilled if more sound level is 
required. 


Testing 

Connect power to the +12V and 
ground terminals and measure the 
voltage between pins 5 & 14 of the IC 
socket. This should be close to +5V. If 
correct, disconnect power and insert 
IC1. 

Now reapply power with the key- 
pad connected — the status (red) LED 
should be flashing at a one-second 
rate. Enter 1000 and the armed LED 
should extinguish. There should be 
a beep from the piezo transducer on 
each key press. 

Enter 1000 again and the status LED 
should begin flashing twice per second 
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The piezo buzzer is mounted on top of a 10mm untapped spacer and secured 
using a 15mm machine screw and a 10mm tapped spacer which screws on from 


the underside of the board. 


and the green (door strike) LED should 
light for five seconds. After 15 seconds 
(the default exit delay), the status LED 
should return to the 1-second rate. 

Enter in 2000 and the same results 
should be available as for the 1000 
code. These are the default Master 
and User codes. Any mistake when 
entering a code can be cleared with 
the # key. Enter 000 for the duress 
code and the piezo transducer should 
sound for around one second and the 
alarm output should go low. This can 
be checked with your multimeter 
switched to a low Ohms range. To 
cancel the alarm output, re-enter the 
Master or User code. 

Try entering more than six incorrect 
codes until the alarm output goes low 
again. Entering a correct code will stop 
the alarm. 


Fig.4: this is the full-size etching pattern for the PC 
board. Check your board carefully for defects before 
installing the parts. 


Now enter the Service code — 3000. 
The status LED should now light con- 
tinuously. Press # to cancel. 

The Service mode allows changes to 
be made to the codes, delays and op- 
tions. These are summarised in Table 
3. Changing the Master and User codes 
is done by entering the Service code, 
then a 1 for the Master code or a 2 for 
the User code. 

Enter a new number code (maxi- 
mum 12 digits). The * key can be used 
as part of the code. The # key exits and 
returns the unit to normal operation. 
The new code will be stored and can 
then be used. Changing the code again 
will require the same steps. 

Note that the code entry length is set 
by the Service code and initially, with 
this being set at 3000, the Master and 
User codes can only be four digits long 
too. Also note that 
the 10th, 11th and 
12th digits of the 
User code will set 
the duress alarm 
code if entered 
first. So be sure 
that any User, 
Master or Service 
codes do not start 
with these num- 
bers, otherwise 
the duress alarm 
will sound. 


Changing the 
service code 


This can be 
done by entering 
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Parts List 


1 PC board, code 552, 78 x 
48mm. Available from the EPE 
PCB Service 

1 plastic utility box 83 x 54 x 
30mm 

1 12-key numeric keypad 

1 8-way PC-mount screw termi- 
nal strip with 0-2" spacing 

1 piezo transducer 

1 14-pin DIL IC socket (cut for 2 x 
7-way sockets) 

1 18-pin DIP socket 

1 7-way pin header 0-1" spacing 

1 10mm untapped spacer 

2 10mm MB tapped spacers 

2 M3 x 15mm cheese-head 
screws 

1 M3 nut 

2 PC stakes 

1 50mm length of 0.8mm tinned 
copper wire 


Semiconductors 

1 PIC16F84 programmed with 
Keypad.hex (IC 1) The software 
can be downloaded from the 
EPE Website at www.epe- 
mag.co.uk. Preprogrammed 
PICs are available from 
Magenta Electronics 

1 78L05 3-terminal regulator 
(REG1) 

2 BC337 NPN transistors 
(Q1,Q2) 

1 16V 1W Zener diode (ZD1) 

3 1N4004 diodes (D1,D4 & D5) 

2 1N914 or 1N4148 diodes (D2,D3) 

1 BD681 NPN Darlington 
transistor (Q3) 

1 3mm red LED (LED1) 

1 3mm green LED (LED2) 


Capacitors 

1 100uF 16V PC electrolytic 
1 10uF 16V PC electrolytic 
1 100nF MKT polyester 

1 39pF ceramic 


Resistors (0.25W 1%) 

1 4.7kQ 2 2200 
2 2.2kQ 1 10Q 
3 1kQ 


the current Service code, pressing 
key 3 and then entering the new code. 
Pressing 12 keys will set all codes to 
12 digits. Pressing only a few keys and 
then the # key will set the code at the 
entered length. 

Note that the Master and User codes 
have defaults of 100000000000 and 
200000000000 respectively (12 digits) 
and these are normally truncated to 
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For all service operations, enter the Service code, press the designated function key and 


then enter the code or value. Press the # key to end each single digit entry. 
Range 


set to any time from 1-99 seconds. 
Entry of a single digit time period 
needs to be ended with #, to store 
the value and exit the Service mode. 
Entry of a 2-digit value will auto- 


0-9 and * (1-12 digits) 


0-9 and * (1-12 digits) 
Duress Code is last three digits of 12-digit 
code 


Key Codes 
1 Master Code 
2 User Code 000 


3 Service Code | 0-9 and * (1-12 digits) - sets code length 


Note: for codes less than 12 digits or timer numbers less than 10 digits, press # to enter value. Do 


not make the first three digits the same as the Duress Code. 


Tire : 
San 


a 
< 


Instant Input 
Door Lock 
Exit Delay 


| 
Le 
P=) 
| 
| 


5 
15 
5 


foe) 


Alarm 


1-99 


Alarm 
Warning 


Keypad Entry 


9 


0 


Default 
1000 


2000 (User Code) 


matically store and exit the service 
mode. 


Options 

The options are entered in a slightly 
different way in that the * key is entered 
after the service code and then anumber 
which matches the required operation 
mode is entered. The main change that 
can be made to the unit is from alarm 
operation to keypad entry mode opera- 
tion. Alarm mode means that the unit 
is armed on entry of the Master or User 
code and disarmed on the second entry 
ofthe code. You can also select whether 
the door striker is operated on arming, 
disarming or both. 


(Duress Code) 


Default 
seconds) 


Input wiring 
Fig.3 shows the connections that 
can be made to the keypad alarm. 


5 The delayed and instant alarms can 


Alarm mode, lock powered on arming, instant 
alarm input 

Alarm mode, lock powered on arming, exit 
input 

Alarm mode, lock powered on disarming, 
instant alarm input 

Alarm mode, lock powered on arming, exit 
input 


Enter 
Service 
Code & 
Press * 


Alarm mode, lock powered on both arming 
and disarming, instant alarm input 

Alarm mode, lock powered on both arming 
and disarming, exit input 

Keyless entry mode, lock powered on 
rearming, instant alarm input 

Keyless entry mode, lock powered on 
rearming, exit input 


Note: entering the first option number means that the armed output is pulled to ground when the 
alarm is armed. Conversely, entering a bracketed number means that the armed output is pulled to 


ground when the alarm is disarmed. 


Resetting To Default Values 


be connected to normally open (NO) 
or normally closed (NC) switches. NO 
switches can be connected in parallel 
while NC switches are connected in 
series. It is not possible to mix NO and 
NC switches on the same input. 

The switches can be set up in a 
doorway to detect opening or can be 
a part of an ancillary component such 
as a passive infrared detector. You can 
also use doormat switches, window 
switches and glass breakage tape, or 
similar. 

Power options for the keypad unit 
are also shown in Fig.3. For automo- 
tive applications, it is simply con- 
nected between chassis for the ground 
supply and to +12V via the fusebox 
for the positive supply. The supply 
must be continuous 12V and not the 
switched supply used for ignition or 
accessories. 

For other applications, the unit 


Default 


Tie instant & delay inputs 


low, hold down the 3 6 9 and | Resets all codes, timing parameters & options to default values. 


# keys, and power up. 


1000 and 2000 when the code is four 


needs a 12V SLA battery rated from 
1-2 to 7Ah capacity. 1-2Ah should be 
adequate for most applications but 
heavy usage of the door strike may 


digits long. So if the Service code is 
increased in digits, then more zeroes 
will need to be entered for the default 
Master and User codes. 

If you forget the Service code, it 
is possible to redeem the situation. 
First, switch off the power and tie the 
instant and delayed inputs to ground. 
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Now hold down the 3, 6, 9 and # keys 
simultaneously and re-apply power. 
The status LED will light and stay lit 
until power is again disconnected. All 
codes and settings will then be set to 
their default values. 

The delay values can be altered 
using keys 0 and 4-9, after entering 
the Service code. The delays can be 


require a larger battery. 


Installation 

This really depends on your ap- 
plication. For most installations, the 
keypad will be installed on a wall near 
the exit door. A brick wall may require 
the unit to be mounted onto a standoff 
box. EPE 
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Web O-TALK MARK NELSON 


PRONOUNCED GUILTY WITHOUT TRIAL 


The record industry seems to believe it has the right to install stealth 
software on our computers. Mark Nelson explains. 


EORGE Orwell’s famous book 1984 
G describes a totalitarian society that cen- 

sors and monitors everyone’s behavy- 
iour, even their thoughts. Tyranny of this kind is 
not entirely fiction, however. The record indus- 
try believes that we are all copyright thieves 
and has the right to install stealth software on 
our computers in retaliation. This was an unbe- 
lievable and very costly assumption. 

“There is nothing unusual about technolo- 
gy being used to protect intellectual proper- 
ty,” said Cary Sherman, president of the 
Recording Industry Association of America 
(RIAA) a month before Christmas. You might 
feel half-inclined to agree with him, until you 
hear that music giant Sony had taken the law 
into its own hands by “enhancing” two mil- 
lion-plus of its CDs with a potent payload of 
stealth software called Extended Copy 
Protection or XCP. 


Crippleware 

If like me you sometimes play CDs on 
your PC while you’re computing, any of them 
carrying XCP will infect your PC with a vir- 
tually untraceable program that provides an 
unlocked backdoor to hackers anxious to cap- 
ture your credit card number and PIN. 

At no time did the Sony Bertelsmann 
Music Group alert users to this crippleware or 
ask their permission. They just installed it 
anyway to prevent users making multiple 
copies of their CDs and prevent unprotected 
MP3 dubs being made. Worse, within hours 
electronic vandals had come up with ways of 
exploiting this malware for their own evil 
ends. 

Outrageous or what? On what basis does 
Sony have the right to tamper with the content 
of computers that don’t belong to them, with- 
out so much as by your leave? None whatso- 
ever, even if the vast majority of users were 
cheats and criminals, which of course they are 
not. 


Stop Digging 

Once you’re in a hole, most people stop 
digging, but not Cary Sherman, who argued, 
“You can’t simply make an extra copy of a 
Microsoft operating system, or virtually any 
other commercially-released software pro- 
gram for that matter. Same with videogames. 
Movies, too, are protected. Why should CDs 
be any different?” 

His only concession was this: “The prob- 
lem with the SonyBMG situation is that the 
technology they used contained a security 
vulnerability of which they were unaware. 
They have apologised for their mistake, 
ceased manufacture of CDs with that technol- 
ogy and pulled CDs with that technology 
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from store shelves. Seems very responsible to 
me. How many times have software applica- 
tions created the same problem? Lots. I won- 
der whether they’ve taken as aggressive steps 
as SonyBMG has when those vulnerabilities 
were discovered, or did they just post a patch 
on the Internet?” 


Frontier Action 

Utter drivel: two wrongs never make a 
right, a fact that SonyBMG is now finding out 
the hard way. As well as facing massive neg- 
ative publicity in the media, SonyBMG will 
now have to defend itself against major 
organisations supporting consumer rights in 
the USA. 

A key player in this crusade is the 
Electronic Frontier Foundation (EFF), which 
has championed the public interest in every 
critical battle affecting digital rights. “After a 
series of embarrassing public revelations 
about security risks associated with the XCP 
software, including warnings issued by the 
United States Government, Microsoft and 
leading anti-virus companies, Sony BMG has 
taken some steps to respond to the security 
risks created by the XCP technology,” say 
EFF. “Unfortunately it’s not enough and the 
music company has created serious security, 
privacy and consumer protection problems 
that have damaged music lovers everywhere”, 
they say. 

All of which is why the EFF has launched 
a class action against Sony BMG, along with 
the state of Texas and five other bodies. EFF 
is demanding that the company repair the 
damage done by the software, which as well 
as restricting use of the music and blocking 
its transfer to iPods, is also alleged to report 
customer listening of the CDs. The spyware 
also installs undisclosed and, in some cases, 
hidden files on users’ computers that can 
expose users to malicious attacks by third 
parties, all without appropriate notice and 
consent from purchasers. 

It’s this stealth aspect that has led Texas 
Attorney General Greg Abbot to sue 
SonyBMG under the state’s anti-spyware 
laws. Some 50 titles released in North 
America contained XCP, which leaves com- 
puters vulnerable to third-party viruses and 
hack attacks. For every single violation of the 
law the state is demanding penalties of 
$100,000 (£56,000) as well as all legal fees 
and investigative costs. 


Examining XCP 

How does XCP work and how do you 
know if you have it on your PC? XCP 
employs a technology known as a rootkit, a 
disguise device that installs on your 


computer at the most fundamental level of the 
operating system (the root). It has the ability 
to hide evidence of malefactors doing nasty 
things to your computer, rather like some 
early Trojan Horse programs that treated you 
to a dazzling fireworks display while simulta- 
neously wiping clean your hard drive. This 
cloaking capability creates a glaring security 
hole that would offer any malicious program 
easy and virtually undetectable access — and 
of course did. 

One of the first people to spot this nasty 
piece of work was computer security expert 
Mark Russinovich while he was checking 
out the latest version of his RootkitRevealer 
program. You can download a copy for noth- 
ing (type RootkitRevealer into Google, but 
be warned, it’s not for beginners). To his 
horror he found XCP on his computer and 
when he attempted to uninstall the rootkit, it 
retaliated by disabling his CD drive. 
However, he did manage to trace the prob- 
lem to its source — a Van Zant audio CD on 
the Sony BMG label that was previously 
playing on his computer. 


r , 
Spotter’s Guide 

Because the infected CDs were issued in 
the USA only, not many people outside North 
America are likely to have XCP on their com- 
puter. It is deliberately as untraceable as pos- 
sible but the EFF has a helpful Spotter’s 
Guide on its website at www.eff.org 
/TP/DRM/Sony-BMG/guide.php, where you 
can also check out a list of the US and 
Canadian albums infected with XCP. Sony 
has its own help page at http://cp.sony 
bmg.com/xcp/english/faq.html. 

There’s reassuring news that the next 
updates of Microsoft anti-spyware and the 
paid-for version of ZoneAlarm will contain 
tools for detecting and removing XCP, so is 
that it now? 

Not on your nelly. Chances are that digital 
rights management and anti-copy software 
will become ever more ingenious. The crip- 
pling may not interfere with your computer 
either. There are already map and street atlas 
CD-ROMs on sale that contain crooked 
streets with bends in the wrong place or direc- 
tion that might not inconvenience the user, but 
are a dead giveaway to investigators looking 
for illegal copies. 

BT has taken action against people mak- 
ing disguised copies of its telephone num- 
ber CDs by “seeding” the records with sub- 
scriber names and telephone numbers that 
don’t exist. This won’t trouble legitimate 
users, but pirates will be revealed with con- 
summate ease. Spy vs Spy was never so 
much fun! 
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Ingenuity Uniimited 


Our regular round-up of 
readers’ own circuits. 

We pay between £10 and 
£50 for all material pub- 
lished, depending on length 
and technical merit. We're 
looking for novel applications and circuit designs, not simply mechani- 
cal, electrical or software ideas. Ideas must be the reader’s own work 


and must not have been published or submitted for publication else- 
where. The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in this 
column should be typed or word-processed, with a brief circuit 
description (between 100 and 500 words maximum) and include a full 
Circuit diagram showing all component values. Please draw all circuit 
schematics as clearly as possible. Send your circuit ideas to: 
Ingenuity Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. (We do not accept submissions 
for IU via email). Your ideas could earn you some cash and a prize! 


Clipping Indicator for the STA7360 — 4bove ‘he Limit 


HE 20W Amplifier Module (May 2005) 

has a “clip” output connection on pin 2 
which can be used to show when the 
amplifier is over-driven. It is an excellent 
circuit but I also fancied adding an Le.d. 
clipping indicator. 

The STA7360 data sheet says “The 
device provides a circuit for the detec- 
tion of clipping in the output stages. The 
output, an open collector, is able to drive 
systems with automatic volume control”. 
In the table of electrical characteristics it 
says that, with a pull up to 5V with 
10k@ the Clip Detector Program Current 
is 70uA for d = 1% and 130uA for d = 


5%. There is no other guidance on how 
to use it, in particular no information on 
the limits on what can be applied to the 
clip pin. 


Clipping Circuit 

So, to play safe, the author set up the cir- 
cuit in Fig.la as suggested in the data 
sheet, where TRI is the internal transistor 
in the amplifier, and IC1 is a voltage regu- 
lator providing the 5V needed for the open 
collector pull-up over the whole range of 
amplifier supply voltages up to 18V. An 
oscilloscope soon showed what was going 
on, as illustrated in Fig.2. 


When, as in the first cycle shown, the 
output is just below the clipping level, TR1 
remains cut off and the voltage at pin 2 
remains near SV. In the next cycle the out- 
put is just clipped at the very peak of the 
wave; TRI is turned fully on only during 
the clipped time, producing a short nega- 
tive going pulse to near OV on each half 
cycle. Presumably the currents quoted in 
the datasheet are the averages flowing in 
resistor R1 and the impression of a steady 
current flowing is misleading. 

The pulse is ideal for driving an l.e.d. 
as in Fig.1b. To avoid loading the pull- 
up circuit, op.amp IC2, connected as a 


+VE 


O 
AMPLIFIER, 
SUPPLY 
UPTO 
18V 


(a) 


RESET +VE 


TRIGGER DISCHARGE) 
OUTPUT THRESHOLD 


Fig.1. (a) Basic STA7360 Clipping Indicator circuit diagram, (b) driving an I.e.d. and (c) an alternative pulse stretcher add-on circuit 
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CLIPPING 


+5V 


ov 


CLIP PIN OUTPUT 


Fig.2. Waveform diagram showing the clipping action of the circuit 


The affordable PC oscilloscope 


from the market leaders 


PicoScope 2202 


* 2 channels 


* Fast 20 MS/s sampling 
* 2 MHz bandwidth 


* 32,000 sampie buffer memory 


* No power supply required 


* USB 2.0 for fast screen updates 


Pico Technology Limited, The Mill House, Cambridge Street, St. 
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The PicoScope 2202 is an entry-level 
PC Oscilloscope with spectrum analyser 
and meter functions at a surprisingly 
affordable price. 


Just £199 + var 


comparator, is used as a buffer. Resistors 
R2 and R3 hold the inverting input at 
about 2.5V, so the negative-going pulse 
on the non-inverting input drives the 
l.e.d. on the output, with resistor R4 pro- 
viding buffering. In this instance, the 
l.e.d. is on for as long as negative-going 
clipping of the amplified signal occurs. 
Alternatively, it is possible to use the cir- 
cuit in Fig.1c as a pulse stretcher to extend 
the length of time for which the l.e.d. is 
turned on. The 555 timer, IC3, is config- 
ured as a monostable. With the given val- 
ues, the negative going edge of the pulse at 
its trigger input (pin 2) causes a nice bright 
flash lasting about 0.25 second, showing 
clearly whenever clipping occurs at the 
input peaks, allowing the amplifier drive to 
be turned back to just below this point. 
Harry Weston, Bognor Regis 
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This stereo 3-way active crossover is for those enthusiasts who want 
the very best from their 3-way loudspeaker systems. It avoids the 
disadvantages of passive crossover networks and allows the power 
levels to the speakers to be optimised. 
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Maing Reatures 


1-unit rack case 
Single PC board 


15V+15V 20VA toroidal 
transformer 


Stereo module 


Buffered input and output 
stages 


Individually variable outputs 
(trimpots) 


On-board power supply 
On-board RCA connectors 


Made from low-cost stand- 
ard components 


HAT IS AN ACTIVE crossover 

and why would you want one? 
Most hifi enthusiasts are aware that 
2-way and 3-way loudspeaker systems 
contain passive networks to split up 
the audio spectrum into two frequency 
bands in the case of 2-way systems 
and three bands in the case of 3-way 
systems. 

Passive crossover networks use 
inductors, capacitors and resistors to 
split the audio into the various bands 
and set the signal levels to the various 
speaker drivers. 

For example, the woofer is often less 
sensitive than the midrange driver and 
tweeter and so the signals to the latter 
drivers have to be reduced so that the 
overall output from the three drivers 
is equal. 


In the higher performance speakers, 
the crossover networks are often very 
complex and they can be very difficult 
to design and optimise. And because 
they usually do attenuate the midrange 
and high signals, that means they do 
waste amplifier power. 

They also interpose a complex net- 
work between the speakers and the 
amplifier which means a loss of damp- 
ing factor, particularly for the lower 
frequencies where it is most needed, 
if you are to achieve tight, clean bass 
and midrange reproduction. 

OK, so that’s the passive approach. 
It involves just one stereo amplifier 
to drive the two speaker boxes in a 
stereo system. 

In an “active” system, we eliminate 
the passive crossover networks and 
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electronically split each of left and right 
channel signals into three frequency 
bands: low, midrange and high. This is 
the job of the “active crossover”. 

Its output signals are fed to six (yep, 
six) separate amplifiers to drive the 


LOW) PASS 


Circuit Design) by, ROD ELLIO 


www.sound.westhost:com 


woofer, midrange and tweeter units 
in each loudspeaker enclosure. The 
overall system layout is shown in the 
block diagram of Fig.1. 

So you end up with a lot more am- 
plifiers than in a conventional system 


but it gives you a lot more flexibility. 
And ultimately, you can end up with 
a system with higher performance, 
including much higher power levels. 

The active crossover approach also 
means you can mix 4Q and 8Q drivers 


3-WYay Active Crossover 


This shot inside the box reveals the simplicity of construction. Everything except the transformer is on one PC board! 
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Fig.1: the block diagram shows the overall 


system layout. It replaces the passive 


crossovers currently used in your speaker 


enclosures. 


in the same system and match the lev- 
els easily, without power wastage. 


Active crossover 

The Active Crossover presented 
here is housed in a 1-unit high rack 
case with just the power switch on 
the front panel. 

There are no user controls for the 
crossover; no switches to alter the 
crossover frequencies nor external 
level controls for the output signals. 
To alter the drive to the loudspeakers, 
you will need to adjust the volume 
controls of the driver amplifiers. 

On the rear panel, there are four 
pairs of RCA sockets, one pair for the 
stereo input signals while the other 
three are for the stereo low (woofer), 
midrange and high (tweeter) signals. 


3-WAY CROSSOVER 


Also on the rear panel is the IEC 
mains power socket and a fuseholder 
for the primary circuit of the power 
transformer. 

Inside the case, all the circuitry is 
ona PC board measuring 219 x 99mm 
and this includes the dual RCA input 
and output sockets. The only external 
wiring connections to the board are the 
secondary connections to the toroidal 
power transformer. 


Circuit description 

Now let’s havea look at the circuit of 
Fig.2. Since both channels are identi- 
cal, this shows only the left channel. 
While the power supply is also on the 
PC board, it is shown in Fig.3. 

In total, the left channel uses 12 op 
amps, in three TLO74 quad FET-in- 


Siplelciifiicati(oln's) 


Voltage gain 
Frequency response 
Filter attenuation slope 


Total harmonic distortion 


Signal to noise ratio 


Separation between channels 


Input impedance 


Output impedance 
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Typically 0-003% at 1V RMS 


-94dB unweighted (22Hz to 22kHz) with 


respect to 1V RMS 


Typically better than -100dB 
from 10Hz to 20kHz 


MIDRANGE 


LEFT 
WOOFER 


RIGHT 


put op amp packages. Four op amps, 
IC1a, IC1b, IC5a & IC5b, act as input 
or output buffers while the remain- 
ing eight op amps are Linkwitz-Riley 
active filter stages with 12dB/octave 
filter slopes. 

In each case, two 12dB/octave fil- 
ters are cascaded to give an overall 
filter slope of 24dB/octave. This is far 
steeper than is normally used in pas- 
sive crossover networks. The voltage 
gain of all these filter stages in the 
passband is unity. 


Low pass, high pass 

Before we go any further we should 
explain some terms which often con- 
fuse beginners: low-pass, high-pass 
and bandpass. 

A low-pass filter is one that allows 
low frequencies to pass through and it 
blocks the higher frequencies. Hence, 
a circuit to drive a subwoofer would 
be called a low-pass filter since it only 
delivers frequencies below 200Hz or 
thereabouts. 

Similarly, a high-pass filter is one 
that allows high frequencies to pass 
through and it blocks low frequencies. 
Hence, the part of a crossover network 
which feeds a tweeter is said to be a 
high-pass filter, even though it may 
consist of only one capacitor. 

If we cascade (ie, connect in series) 
a high pass filter with a low pass filter, 
the combination will pass a band of 
frequencies and we then refer to it as 
a bandpass filter. We use a bandpass 
filter for the midrange output in this 
active crossover circuit. 
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1N4004 
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S-WAY ACTIVE GROSSOWER cower sur cecum 


Fig.3: the power supply is conventional and uses a bridge rectifier (D1-D4) and two 3-terminal regulators (REG1 & REG2) 
to give +15V rails. The seven 100nF capacitors are bypasses distributed around the PC board. 


The other points you need to know 
about high and low-pass filters are the 
so-called cut-off frequency and the 
filter slope. 

The filters used in this circuit have 
an attenuation of 12dB/octave; this 
is the filter slope and it applies for 
frequencies after the cut-off frequency. 
The cut-off frequency is where the 
signal output is -3dB down on the 
normal level. 

For example, in a low-pass filter we 
might have a cut-off frequency of 1kHz 
(ie, -3dB point) and from there on the 
filter slope could be 12dB/octave. In 
theory, this means that the response at 
2kHz (ie, one octave above 1kHz) will 


be -15dB, although in practice it might 
not be quite that good. 

The filters used in our circuit are 
of the Linkwitz-Riley configuration 
and we use eight of these filters, four 
high-pass and four low-pass, in each 
channel. Each filter consists of an op 
amp connected as a voltage follower, 
preceded by two RC networks. 

As already noted, for each high-pass 
and low-pass filter, we are using two 
12dB/octave filters cascaded, to make 
the total roll-off 24dB/octave (4th or- 
der) per filter stage. 

The basic filter configurations are 
shown in Fig.4, together with the 
formula for calculating the crossover 


LOW PASS FILTER 


OdB 
—6dB 
Fxo 


Fxo 


Fig.4: the basic arrangements for the low pass and high pass filters. 
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7 x 100nF 


7 x 100nF 


frequency. In this particular case, the 
crossover frequency is at the -6dB 
point and the reason for this is that 
we are cascading two filters for each 
section (2 x 3dB = 6dB). 

Note that the capacitors in the low- 
pass filter are shown with values of C 
and 2C, while in the high-pass filter, 
we use resistors with values of R and 
2R. 

In the main circuit of Fig.2 you 
will note that two capacitors of equal 
values have been used for the 2C 
component, as it is difficult to obtain 
capacitor values exactly double that of 
another. On the other hand, resistors 
are much easier and so we have values 
of 10kQ for R and 20kQ for 2R. 

Now after that little diversion, let’s 
refer back to the circuit of Fig.2. 

The input to the left channel is fed 
via an RC filter, to roll off frequencies 
above 100kHz, and then to op amp 
IC1a which is connected as a unity gain 
buffer (or voltage follower). It drives 
two high-pass filter stages associated 
with IC1d & ICic and two low-pass 
filters associated with IC3a & IC3d. 
Both these low-pass and high-pass 
filters have cutoff frequencies set to 
5.1kHz. 

The output of the second high-pass 
filter (IC1c) is fed to level setting trim- 
pot VR1 and then to IC1b which is 
connected as a non-inverting amplifier 
with a gain of two. It drives the left tre- 
ble output (tweeter). Hence the tweeter 
only gets frequencies above 5kHz. 


Midrange band-pass 

The output of low-pass filter IC3d 
feeds high-pass filters based on IC3c & 
IC3b, both with cut-off frequencies of 
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239Hz. The output of high-pass filter 
IC3b is fed to trimpot VR2 and then to 
op amp IC5a which has a gain of two. 
This drives the left midrange output 
which gets the band of frequencies 
between 239Hz and 5.1kHz. 

As well as driving high-pass filters 
IC3c &IC3b, op amp IC3d also drives the 
cascaded low-pass filters based on IC5d 
& IC5c, again with a cut-off frequency 
of 239Hz. IC5c drives trimpot VR3 and 
then op amp IC5b which has a gain of 
two. It drives the left bass output which 
only gets signals below 239Hz. 

All the outputs from each stage are 
in phase at the crossover points. Volt- 
age gain at the crossover frequency for 
each section is -6dB (ie, half the refer- 
ence level). Thus, when the response 
curves for all three sections are added 
together, the result is an extremely flat 
frequency response with an overall 
gain of unity. 

Just how well this works is shown 
in the response curves of Fig.5. We’ve 
plotted the three filter responses and 
then the resultant curve is plotted 
along the top. The adder circuit we 
used to do this is shown (for interest 
only) in Fig.8. 

Fig.3 shows the power supply cir- 
cuit. It uses a 20VA toroidal power 
transformer with two 15V secondary 
windings. These drive bridge rectifier 
(D1-D4) and two 1000uF capacitors to 
derive unregulated DC supply rails of 
around +22V which are then fed to 
regulators REG1 and REG2 to produce 
+15V rails. Each rail is bypassed by 
a 100uUF capacitor and seven 100nF 
multi-layer ceramic capacitors which 
are distributed around the board. 


Construction 

As already noted, all the circuitry is 
on a single PC board measuring 219 x 
99mm, so construction is very straight- 
forward. The only complication will 
occur if you wish to set your own 
crossover frequencies. If so, you will 
need to select values from Table 1. 

For example, if you decide you 
want a tweeter crossover frequency of 
around 3kHz, go to Table 1, run your 
finger down the righthand column 
until you get to 3100 and the R and C 
values are in columns 1 & 2. 

In practice, the 2.2nF capacitors in 
the high pass and low pass filters as- 
sociated with IC1 and IC3 now have to 
be changed to 3.3nF, while the 10kQ 
resistors increase to 11kQ and the 
20kQ values go to 22kQ. 


Parts List = 8-Way Active Crossover 


1 1RU rack-mounting case 

1 PC board, code 553, 219 x 99mm, available from the EPE PCB Service 
1 panel-mount male IEC power socket 

1 chassis-mount safety fuseholder (M205 or 3AG type) 

1 0.5A fuse (3AG or M205 type to suit fuseholder) 

1 DPST rocker switch with inbuilt neon (S1) 

1 20VA toroidal mains transformer with 2 x 15V secondaries 

1 3-way insulated terminal block 

4 dual gold-plated RCA PC-mount sockets 

6 multi-turn 100kQ trimpots (VR1-VR6) 


Semiconductors 

6 TLO74 quad FET-input op amps (IC1-IC6) 
1 7815 positive 3-terminal regulator (REG1) 
1 7915 negative 3-terminal regulator (REG2) 
4 1N4004 silicon diodes (D1-D4) 


Capacitors 

2 1000uF 25V PC electrolytic 

2 100uF 25V PC electrolytic 

2 1uF 50V bipolar (non-polarised NP) electrolytic 

14 100nF (0.1uF) multi-layer ceramic (code 100n or 104) 
20 47nF (.047uF) metallised polyester (code 47n or 473) 
20 2.2nF (.0022uF) metallised polyester (code 2n2 or 222) 
2 220pF ceramic 


Resistors (1% metal film) 

2 47kQ. (yellow violet orange brown or yellow violet black red brown) 
8 20kQ (red black orange brown or red black black red brown) 

38 10kQ (brown black orange brown or brown black black red brown) 

6 100Q (brown black brown brown or brown black black black brown) 


AUDIO PRECISION SCFREQRE AMPL(dBr) vs FREQ(Hz) 
10.000 ' ; 


OVERALL 


-10.00 


-20.00 


~40.00 i Sees 
MIDRANGE 


HIGH PASS BANDPASS 


-50.00 
10 100 1k 10k 100k 
Fig.5: this graph shows the three filter response curves which were plotted 
separately. The overall response curve at top (red) was plotted using the mixer 
circuit shown in Fig.8. The overall response curve is extremely smooth. 


Note that the high-pass filters (ICd& filters (IC3a & IC3d) for the midrange 
IC1c) for the tweeter and the low-pass must all have exactly the same cut-off 
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frequencies, otherwise you will not get 
an overall flat frequency response. 

Similarly, if you want to change the 
bass cut-off frequency to around 350Hz 
(say), run down the righthand column 
of Table 1 to 347Hz. The R values then 
become 12kQ and 24kQ, while the C 
values become 27nF. 

Alternatively, if you want to do 
the calculations yourself, visit www. 
sherlab.com/filter/filter.htm for a filter 
calculator. 

Lots more information regarding 
Linkwitz-Riley crossovers can be 
found at www.rane.com/note107. 
Here they discuss lobing errors, driver 
alignment & phase correction, phase 
shift vs frequency, etc. 

Having decided on your crossover 
frequencies, you can start assembly of 
the PC board by closely checking it for 
shorts between tracks, open circuits 
etc, against the pattern opposite. Then 
install all the resistors, followed by 
the capacitors and multi-turn trim- 
pots. Make sure that the electrolytic 
capacitors are installed the right way 
around. The bipolar electrolytics are 
not polarised and can go in either 
way. 

Ideally, 1% capacitors should be 
used in all the filter circuits. As an al- 
ternative, purchase a bag of 100 capaci- 
tors of the value you require and pick 
the 20 that are the closest in value to 
each other, using a capacitance meter 
or DMM with capacitance ranges. 

The two regulators are laid flat 
on the PC board. Be careful not to 
swap them over, otherwise you may 
have to replace quite a few damaged 
semiconductors. Finally, complete the 
board by installing the op amps and 
the RCA sockets. 

That done, you can wire up the 
power transformer and install the 
chassis — see Fig.7. Take special care 
with the mains wiring and be sure 
to sleeve all exposed connections 
with heatshrink tubing and bind the 
leads with cable ties, as shown. Note 
that the fuseholder must be a mains 
safety type. 
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Voltage checks 


Next, temporarily install the PC 
board into the chassis, apply power 
and check the regulated supply rails 
with your digital multimeter. They 
Fig.6: follow this parts layout diagram when building the PC board. Take should be close to +15V DC. 
care with the polarity of the electrolytic capacitors, diodes and the ICs Check also that +15V is present on 
when soldering them in! pin 4 of each TLO74 and that -15V is 
present on pin 11 of each IC. Lightly 
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This photo of an early prototype PC board shows the general layout of components. Note, however, that there have been 
substantial changes since this photo was taken. The parts overlay (Fig.6) shows the final version. 


touch each IC to ensure that none of 
them is getting hot — they should all 
be cool. 

The next step is to align the whole 
circuit using the trimpots. This is a 
simple matter of setting up each output 
for unity gain in its passband. This 
can be done at three frequencies, say 
100Hz for the bass, 1kHz for the mid- 
range and 12kHz for the treble. 

You will need an audio oscillator 
and a digital multimeter with an AC 
frequency response to 20kHz or better. 
Connect your audio oscillator to the 
input RCA connector in one channel. 
Set the frequency to 100Hz, 1kHz or 
12kHz, depending on which section 


you wish to align. Set the level of the 
oscillator to 1V RMS. 

Now measure the signal level at the 
output of the stage that you are adjust- 
ing. For the treble output, use 10kHz 
and adjust trimpot VR1 (left channel) 
or VR4 (right channel) to obtain 1V 
RMS at the output socket. 

Similarly, for the midrange, use 
1kHz and adjust VR2 (left channel) or 
VR5 (right channel) to obtain 1V RMS 
at the output sockets. 

Finally, for the bass, use 100Hz 
and adjust VR3 (left channel) or VR6 
(right channel) to obtain 1V RMS at 
the output. It is now just a matter of 
tidying up the wiring inside the case 


and checking it before connecting the 
unit to your amplifiers. 


Power amplifiers 

We mentioned before that six ampli- 
fiers are required — one for each of the 
bass, midrange and treble speakers, 
times two (for stereo). But what ampli- 
fiers should you use? 

Typically, the woofer amplifier 
needs to be about double the power 
of the midrange and tweeter ampli- 
fiers, to take into account the lower 
sensitivity of the woofers. 

So if you have been running a 100W 
per channel stereo amplifier into your 
3-way speaker system, you will still 


The completed project showing the rear panel arrangement, power supply wiring and PC board placement. Use this in 
conjunction with Fig.7 (opposite) during final assembly. 
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need two 100W amplifiers for the 
woofers (eg, your existing amplifier!) 
but you can get away with two 50W 
amplifiers for each of the midrange 
and tweeters (ie, four total). 

You may be able to put back into 
service an amplifier that you pen- 
sioned off as “underpowered”. 


Connection 

It is simply a matter of connecting 
the stereo outputs from the 3-Way 
Active Crossover to the appropriate 
bass, mid-range and treble stereo 
amplifier inputs, then connecting 
the amplifier outputs direct to the 
appropriate drivers in the speaker 
enclosures. 

Of course, the existing crossover 
network in the speaker enclosures 


The PC board sits on self-adhesive holders (as used in computers) and is secured 
to the rear panel by the screws that go into the RCA sockets. 


Fig.8: here is the 
adder circuit we 
used to produce 
the diagram 
shown in Fig.5. 
You don’t have 
to make one of 
these unless you 
are interested in 
measuring your 
own circuit. 


must be disconnected — and you have 
to add two extra sets of terminals on 
the back of your enclosures, with 
each of the three connected directly 
to an amplifier (and appropriately 
labelled). 

The tone controls should ideally be 
flat on all amplifiers (although that can 
be a matter of individual taste —but the 
treble control won’t do much on the 
bass amplifier nor the bass control on 
the treble amplifier!). 

Finally, the volume controls can be 
individually adjusted to get the best 
balance between the bass, midrange 
and treble speakers. EPE 


Reproduced by arrangement with 
SILICON CHIP magazine 2006. 
www.siliconchip.com.au 
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Using SPI Bus Devices - Part 2 


may wish to use SPI devices (Serial 
Peripheral Interface). We now 
explain how to program them. 


SPI Communication 

So let’s look at how to communicate 
with an SPI device, and how that trans- 
lates into PIC code. We will start with the 
simpler device, the 25C256 EEPROM. 

The 25C256 supports six commands 
over the SPI bus. Read data, write data, 
read status register, write status register, 
enable writes and disable writes. The last 
two are a protection mechanism to help 
avoid data corruption. When the device 
powers up, writes to memory are disabled 
until a Write Enable command is issued. 
This is one of the simplest commands 
requiring the 8-bit value “6” to be written 
to the device. The timing diagram for this 
operation is shown in Fig.2. 


|! ast month we explained why you 


YOXOXXXXKX 
KXXKKXXKN 
KXXXXXXXXXXXXKM O_O 0 0 0 


HIGH IMPEDANCE 


Fig.2. Serial Peripheral Interface (SPI) timing diagram 


Starting from the top left of the diagram 
you can see that the CS signal is high 
(chip disabled), the clock is low and the 
data in/out signals are undefined. We first 
lower the CS line to enable the chip, then 
immediately write the first bit of data to 
the SI pin — a zero, for the most significant 
bit of the command byte. 

After a delay to allow the chip time to 
setup (100ns according to the datasheet — 
not long!) we raise the clock signal SCK, 
which transfers the data on the SI pin into 
the chip. The clock signal is lowered, and 
then the data on SI changed to the next bit 
of the command byte. The process repeats 
another seven times to clock in all eight 
data bits. When the eighth data bit has 
been clocked in the clock line is left low, 
and the chip is disabled (but not turned 
off) by raising CS. 

A read command is similar, except that 
after writing the command value, you 
write an additional 16 bits indicating the 
address of the byte you want to read. 
Following this you then toggle the clock 
line eight times to retrieve the eight bits of 
the data byte at that address, most_signifi- 
cant bit (MSB) first. Raise the CS line 
once the byte has been retrieved. 

Reading multiple bytes from the device 
is easy. Rather than raising CS, just keep 


0 KXXQQOOKOOOXXXK 


toggling the clock signal. The device will 
automatically move onto the next address 
and return the data bits until you finish by 
raising the CS line. 

Writing data bytes is just as simple. You 
send the Write Data command, followed 
by a 16-bit address, followed by the byte 
you want to write. The actual writing of 
data to the EEPROM memory is started 
when the CS line is raised, and can take up 
to 10ms. 

During this time the only command you 
can send to the device is Read Status, which 
will tell you if the programming cycle is still 
in progress. It is a good idea to use this com- 
mand rather than just wait 10ms since the 
device is typically much quicker than this, 
normally only a few milliseconds. 


Page Write 

If you are writing large amounts of data 
then there is a useful feature of the device, a 
Page Write, which 
allows up to 64 
bytes to be pro- 
grammed at once. 
To use this feature 
you start with a 
byte write and 
instead of raising 
the CS signal after 
the first data byte 
you just keep writ- 
ing bytes. The 


KXXXXXXXXAXXAXX 
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device automatically updates the address 
for you. 

There is a caveat with this: the block of 
bytes you write must all be contiguous 
and in the same 64 byte “page”. So, for 
example, if you want to write 10 bytes at 
address 60, you must write three_bytes 
starting at address 60, then raise CS, and 
then do a 7-byte write at address 64. The 
good thing about this is that there are 
only two 10ms delays involved, rather 
than ten. 

The datasheet explains some more 
advanced features of the device such as 
partial protection of the device, but what 
has been covered here will suffice for 
many embedded projects. There are two 
sets of example code available as stated 
later demonstrating writing and reading to 
the device using both “bit-bashed” and 
SPI module methods, which we hope will 
be useful. 


M25P32 Device 

Now let’s move on to a more complex 
device, the M25P32. This is also a non- 
volatile memory chip but it is implemented 
in Flash technology rather than EEPROM 
and has a huge 4M bytes of storage capaci- 
ty. Although this is much smaller than you 
can get on (for example) a cheap compact 
flash card, those high density cards use 
NAND Flash technology which is much less 
reliable than the NOR type used in this chip. 


Fig.3. Interfacing a PIC18F2420 microcontroller to an M25P32 SPI chip 
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NAND flash is expected to fail, and 
complicated error detection and man- 
agement schemes have to be implement- 
ed in the code to compensate for this. 
Not so with the 25P32 and similar 
devices. 

Although packaged in a 16-pin part, the 
25P32 has exactly the same signals as the 
25C256; only eight pins of the package 
are used (Fig.3). This is probably because 
the silicon die is so large that it wouldn’t 
fit into an 8-pin package. Smaller mem- 
bers of the family do, for example the 
512K byte device 25P40. 

Electrically the signal operations are 
identical, we only need to be mindful of 
the different setup timing requirements. 
Unsurprisingly, this device is faster so any 
low level code written for the 25C256 will 
work fine here too. The higher level inter- 
face is similar too, the datasheet listing 12 
commands, some of which are identical to 
the 25C256. 


Differences 

Where Flash memory does differ signif- 
icantly from EEPROM is that the write 
command can only change data bits from 
the erased state of “1” to a “0”. Therefore, 
it will be necessary to erase the device 
before reprogramming can be performed. 
Two erase commands are available: a sec- 
tor erase, which erases a block of 64K 
bytes, and a global chip erase that does all. 

A sector erase can take several seconds, 
and a bulk erase over one minute! Clearly, 
Flash and EEPROM memory address dif- 
ferent design requirements. Flash is better 
suited to long term, rarely changing data, 
sound clips for example, or a log file. 
EEPROM is suited to frequently changing 
data. 


Software 
Example software is available from the 
EPE Downloads website in the PIC n’ 
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Mix section. This software builds on the 
low level code developed for the 25C256, 
so both bit-bashed and SPI module meth- 
ods are implemented. 

With such high capacity non-volatile 
devices becoming easier to include into 
your designs, having a file system inter- 
face starts to become a good idea. The 
speed of the erase cycle causes some 
headaches, but with careful thought a use- 
ful file system could be created. We will 
cover that in another article later in the 
year. 

Datasheets for the two devices are 
freely available on the web, and copies 
can also be found here: 

25C256: 
www-.solderit.co.uk/datasheets/cat25C2 
56.pdf 


25P32: 
www.solderit.co.uk/datasheets/m25P32. 
pdf. 
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Surfing The Internet 


Alan Winstanley 


L* month I demonstrated some of Google’s other tricks that the 
search engine keeps up its sleeve, such as converting from one unit 
to another and answering calculation queries posted in “plain 
English”. Type “1 picofarad in nanofarads” into the Google box and it 
replies with “1 picofarad = 0-001 nanofarads”. Almost every conceiv- 
able unit of measure can be handled by Google’s conversion tools, 
whether Farads or fluid ounces. Some examples were shown last 
month to give you an idea. 

An essential utility for your Internet Explorer or Firefox 
web browser is the free Google toolbar downloadable from 
www.toolbar.google.com. It provides a Google search box that is 
always to hand, and it can also search Google Groups and Google 
images. The Google toolbar also offers one-click-away access to 
Google News (also see http://news.google.co.uk), which is a 
digest of online news headlines and articles distilled from 4,500 
news sources around the world. 


cultures feel at home: we want each user to enjoy the service and 
return again and again. In practice, EPE Chat Zone members have a 
lot of free rein, but there are of course limits and unfortunately it is 
sometimes necessary to wade in to encourage better netiquette or even 
remind some users whose forum it is that they are making use of — or 
misusing. 

As every forum owner knows only too well, appeasement never 
works and without a firm hand on the tiller forums can become mis- 
erable and wretched places. We agree with one member who summed 
it up by saying that if members have nothing nice to say, then they 
should say nothing at all. This does not disallow friendly or robust 
debate from taking place, but when threads degenerate into mere mud- 
slinging or making personal attacks then we may act out of necessity 
— either by closing the thread or in the worst cases deleting posts and 
suspending members altogether. 


Preview: New Message 


Tried the EPE Chat Zone? 


Since April 2005 we have been running an 
online forum where readers and Internet users AM 
can post messages and exchange hints or tips Username: Arw 
about hobby electronics. The original EPE post number: 197 
Chat Zone of 1990s vintage was a primitive **s'***"¢* 94-2005 
forum that became increasingly difficult forus 
to operate. Its simplicity of use was its only 4 
redeeming factor. 

Last year it was replaced with a more pow- §2{5** 
erful product that addressed all of its prede- 
cessor’s shortcomings. It has a new domain 
name, too: www.chatzones.co.uk. It can be 
also accessed via the Chat Zone buttons dis- 
played on 
(www.epemag.co.uk). 

The new forum is designed to be largely self-maintaining, which 
has become an increasingly important factor for us. It automatically 
archives postings, and allows files (75kB max) or inline graphics to 
be posted. Personal Messages can be sent to other users who choose 
to accept them. A technical/scientific notation markup language is 
available, and a Post Preview option allows for second thoughts. 

Any user can read the messages but in order to post, a simple 
registration process is followed. Unfortunately some ISPs, notably 
AOL, may interfere with the delivery of our automated registration 
emails, but if users have any problems in that respect they can 
email webmaster@epemag.demon.co.uk advising us of their 
chosen username, and a new account and temporary password will 
be set up manually for them. At no time is a real email address or 
real name displayed to other users: these aspects are configured in 
the individual’s Profile, which has good privacy default settings. 


A Measly Exchange of Views 

On the subject of Chat Zone netiquette, one factor to remember is 
that the EPE forum is unequivocally an extension of our printed mag- 
azine, and is therefore subjected to the same high standards of editori- 
al control that we apply everywhere else. Our view is that the EPE 
Chat Zone is a near real-time version of our Readout readers’ letters 
page, and so we strive to ensure that similar levels of etiquette and 
courtesy are observed as applied to the printed journal. 

All messages are unmoderated in that they are not pre-approved by 
EPE before being published. EPE goes to some lengths to use a light 
touch and make Chat Zone members of all age groups, abilities and 


36 


Posted on Monday, 05 December, 2005 - 06:40 pm: 


A series of filters are used that prevents inappropriate or offensive terms from 
being used. The Chat Zone is an extension of our magazine and there are no 

circumstances in which abuse is permissible in our forum. The only alternative 
to seeing "measles" is for such posts to be disabled altogether. eeeeeseeeesece 


Alan Winstanley 
EPE Online Editor 


Postthis Message 


The EPE Chat Zone has a built-in Profanity Filter that replaces most offensive terms with 
the main EPE web site '€d dots or “measles” 


No Profanities Please 

Amongst other features, the new Chat Zone forum introduces a 
“Profanity Filter” that replaces potentially offensive terms with a 
series of measle-like red dots. It is seldom if ever needed, but we’re 
glad it’s there. The message Preview function highlights problems 
in such posts beforehand. Very rarely there may be a “false posi- 
tive” when innocent words combine to trigger the filter. The only 
alternative is that such messages are disabled from appearing alto- 
gether, but we leave it to the user’s discretion to either fix the prob- 
lem or simply accept that the filters do what they do. 

Posts remain unmoderated in every other sense, but some ridicu- 
lous accusations of “censorship” and “officiousness” or even being 
dubbed “Mary Whitehouse” (a British campaigner who strove to 
clean up the media — see Google) are, at best, thoughtless and unkind 
attacks on those who devote their valuable spare time to running the 
forum. At its worst, aggressive or obnoxious behaviour is unaccept- 
able anywhere in EPE’s online presence: there are no special privi- 
leges and any threads that have degenerated into misuse or abuse 
against other members or EPE staff will simply be closed and 
offending posts may be deleted. 

The EPE Chat Zone is the writer’s gift to the hobby electronics 
community. Every member has a part to play in helping it to run 
smoothly, showing good degrees of netiquette, tolerance and an 
eagerness to help others. For more background, the Acceptable 
Use Policy is published in the Guidelines for Posting area of the 
forum. You can email the writer at alan@epemag.demon.co.uk. 
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Regular Clinic 
Circuit 


lan Bell 


Continuing with our transistor basics theme, this month our “consultant” looks at closely 
connected transistor pairs such as the Darlington 


SER Cherrytree posted the following 
on the EPE Chat Zone. 


Hi all, Can anyone explain basically 
what Darlington transistors do? I've got an 
old-ish electronics magazine and in it its 
got a complete layout diagram of a Sound 
Box. When built and done you listen to a 
morad of sound effects through head- 
phones. And it uses the above transistors. 


One of the responses to this mentioned a 
“fetlington” so we shall look at this too. 


Darlington Pair 

Both npn and pnp Darlington circuits 
are shown in Fig.l. In the Darlington 
configuration, one transistor is used to 
directly drive another, resulting in a sort 
of “super transistor” with very high gain 
(typically thousands) and high input 
impedance. Do not mix up the descrip- 
tion “super transistor”, with the term 
superbeta transistor, which is a high gain 
single transistor; although at the risk 
of causing great confusion the term 
superbeta pair is sometimes used for the 
Darlington configuration. 

The Darlington pair behaves like a single 
transistor with twice the value of Vpg (i.e. 
it has a higher switch-on voltage) and a 
current gain equal to the product of the 
gains of the two transistors. The input 
resistance is increased by a factor compa- 
rable with the gain of one of the transistors. 
You can buy “ready made” Darlington 
transistors which often have a very high 
gain, say 20 to 50,000 or so. 

In high power applications the first 
transistor (TR1) makes sure that the 
power transistor (TR2) receives  suffi- 
cient base current to fully turn on. A high 
power transistor may require significant 
base current, which would not be readily 
available from the controlling circuit’s 
output (e.g. logic gate) if it were 
connected directly. Darlington pairs are 
very useful for switching high power 
loads from logic outputs, but a word 
of caution is needed here as one disad- 
vantage of the Darlington pair is that the 
configuration can be rather slow in 
switching. 
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Darlington configurations can be used in 
situations other than power outputs, for 
example a Darlington arrangement can be 
used to increase the gain of a phototransis- 
tor and Darlington pairs are used in the 
input and gain stages of some op.amps. 


Sziklai Pair 


The Darlington pair is not the only close- 
ly connected transistor pair arrangement. A 
similar configuration, which is known as a 
Sziklai pair or Complementary Feedback 
Pair (CFP), is shown in Fig.2. 


a) NPN DARLINGTON b) PNP DARLINGTON 


Fig.1. The Darlington configuration 


a) NPN SZIKLAI b) PNP SZIKLAI 


Fig.2. The Sziklai pair or Complimentary 
Feedback Pair (CFP) configuration 


Fig.3. Sziklai pair with bias resistor. 


One of the main features of this alter- 
native compound transistor is that it only 
requires a single Vgp voltage to turn on, 
unlike the Darlington which has an effec- 
tive Vgp equal to two Vgp drops. This 
gives the Sziklai pair the advantage of 
being able to be “plugged in” in place of 
a single transistor. 

Furthermore, the lower effective Vgp 
makes it far easier to use in low voltage 
circuits. This is an important concern in 
modern chip design, where only a small 
number of Vgg diode drops can be 
stacked before all the headroom of the 
supply is used up. The Sziklai pair also 
has lower output resistance than the 
Darlington, about one tenth of the value 
when used in a common-emitter-style 
configuration under the same bias 
conditions. 


Some Bias 

The Sziklai pair is usually biased using 
a resistor as shown in Fig.3, where R1 is 
selected so that most of the current in TRI 
flows through R1 rather than the base of 
TR2. This means that the quiescent current 
in TR1 is well defined and does not depend 
on the gain of TR2 and its collector cur- 
rent. The collector current of TR1, Icl, is 
approximately Vpp2/R1 if we assume that 
TR2 has a high enough gain for I32 to be 
significantly smaller than Icl. 

Typically we want TR1 to have a quies- 
cent current about one tenth of that of TR2 
so, given this assumption, and given that 
we probably choose Ic2 as a key design 
parameter, we get RI = 10V,¢2/I-2, where 
as usual Vpp2 would typically be between 
0-6 and 0-7V. 


Complimentary Output 

A typical use of the Sziklai pair is in 
audio power amplifier output stages where 
it is considered by many to deliver better 
performance in terms of thermal stability 
and large signal non-linearity due to the 
feedback effects within the transistors pairs 
(hence the Complementary Feedback Pair 
name), although these effects are reduced 
at high frequencies. 

An outline schematic of a typical 
power amplifier output stage based on 
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the Sziklai pair is shown in Fig.4. Here 
the transistor pairs are used in the same 
way as a standard push-pull emitter 
follower output stage. The pair TRI- 
TR2 handles the positive half of the 
signal, and the pair TR3-TR4 handles 
the negative half. The bias circuit 
ensures that the transistors switch on 
for the correct part of the signal 
waveform (for example to prevent 
crossover distortion). 

The pnp Sziklai pair has played in role in 
integrated circuit design for a long time, 
particularly in essentially npn processes 
that allowed fabrication of good npn tran- 
sistors, but which only provided low gain 
pnps. The compound transistor provides a 
means of obtaining a high-gain pnp in 
these technologies. 


INPUT 
SIGNAL 


Fig.4. Sziklai pairs used in a power 
amplifier output stage 


BICMOS 


In the world of integrated circuits (i.c.s) 
there are of course CMOS chips (using 
MOSFETS) and bipolar chips (using 
Bipolar Junction Transistors), but there are 
also i.c. fabrication technologies which can 
create a mixture of MOSFET and bipolar 
devices on the same chip. This technology 
is often called BICMOS and exploits the 
combined advantages MOSFETS and 
bipolar transistors. 

MOSFETS have very high input 
impedance, can be used to make very 
good signal switches (both analogue and 
digital), and allow the fabrication of 
very high density digital circuits with 
very low static power consumption (i.e. 
when not switching). Bipolar Transistors 
have higher gain than MOSFETS and 
generally provide higher speed and 
higher frequency performance than 
MOSFETS. Bipolar Transistors can 
typically produce lower noise analogue 
circuits than MOSFETS. 

For digital circuits MOSFETS are almost 
ideal, but lack high current capability. This 
is not required for most of the gates and 


flip-flops on a typical digital chip. 
However, some of the gates, such as those 
driving large buses or off-chip loads, 
require high current capability. BICMOS 
technology can exploit the bipolar transis- 
tors to provide better, or simpler, high cur- 
rent buffer and driver circuits than MOS- 
FETS alone. 


Fetlington 

This discussion of BICMOS technology 
leads us to the “fetlington” mentioned in 
the question. Here we take the term to 
mean a Darlington-like circuit using a 
MOSFET and a bipolar transistor; howey- 
er, the word “fetlington” does not seem to 
be widely used, and in some cases seems to 
be used to describe devices which are not 
Darlingtons. 

A search of the internet will show the 
2N7000 being referred to as a “fetlington” 
in a number of places, but as the datasheet 
quickly confirms this device is just an n- 
channel MOSFET. If any readers can shed 
light on the origin and use of this term we 
would be interested to hear. 

The MOSFET and bipolar Darlington 
configuration is also referred to as a BIC- 
MOS Darlington pair, a BiFET Darlington, 
a MOS-BJT Darlington pair, and a FET- 
BJT Darlington pair. You take your choice! 

A couple of MOS-BJT closely coupled 
pairs are shown in Fig.5. Fig.5a is 
Darlington-like, whereas Fig.5b is more 
Sziklai-like. The MOS-BJT pairs provide 
the very high input impedance of the 
MOSFET together with much higher 
transconductance gain than a single MOS- 
FET. The output resistance is also lower 
than a single MOSFET and thus the pair 
have a higher current capability than the 
single MOSFET. 


Inverters 

An important use of MOS-BJT pairs is in 
BICMOS logic, particularly inverters and 
gates with high current capability, as was 
discussed earlier. Fig.6 shows an ordinary 
CMOS inverter (NOT gate) and a BIC- 
MOS inverter built from the two transistor 
pairs from Fig.5. Note that both pairs use 
npn transistors, which generally have high- 
er performance than npn, particularly on 
integrated circuits. The two bipolar transis- 
tors in the BICMOS inverter form a totem 
pole arrangement, which is same kind of 
output circuit as found in TTL logic. 

The resistors in the BICMOS inverter are 
present to speed up switch-off of the 
bipolar transistors. Without these present 
when the MOSFET driving the bipolar 
transistor is switched off there would be no 
low impedance path for any charge left in 
the base to dissipate along. The charge 
would therefore stay around for a while 
keeping the bipolar transistor on longer 
than necessary. 

The actual implementation of a real 
BICMOS inverter may differ a bit from 
Fig.6b. For example the resistors may be 
implemented using MOSFETS instead of 
simple resistors. 

The MOS-BJT Darlington pair is similar 
to the Insulated Gate Bipolar Transistor 
(IGBT), which is used in high power 
electronics. The IGBT is not actually 
constructed from a separate MOSFET and 
bipolar transistor but is formed more 
directly as a single device. 
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Fig.7. Unfortunately the FET/FET 
“Darlington” is not very useful 


Like BICMOS integrated circuits the 
IGBT exploits the different advantages of 
the MOSFET and bipolar transistor. It has 
the high input impedance of the MOSFET 
with the bipolar device providing low on 
resistance and high current capability. The 
IGBT also has better “blocking” capabili- 
ties than the MOSFET -— this concerns the 
ability to deal with high voltages in both 
forward and reverse direction when the 
device is switched off. This may be as high 
as 2500V for some IGBTs 

An obvious question which follows from 
our discussion so far is “what about 
FET/FET  Darlingtons?”. A _ circuit 
schematic is shown in Fig.7, but in fact 
these are not really of much use. The 
increase in input impedance which is 
obtained relative to the single bipolar tran- 
sistor with the bipolar Darlington, Sziklai 
pair and FET-BJT Darlington does not 
occur in a FET-FET arrangement com- 
pared with a single FET — the input is the 
FET gate in both cases. 

Current gain is not of particular impor- 
tance in FET circuitry as FET gain is in the 
form of transconductance, rather than 
current gain. (Transconductance is output 
current over input voltage and was 
discussed in detail last month). 
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Status Monitor 


Is your boiler or freezer still on? Remotely 


keep an eye on them! 


By TERRY de VAUX-BALBIRNIE BSc 


HE AUTHOR'S gas-fired central 
heating boiler is about five years 
old and the service engineer says 
there’s nothing wrong with it. How- 
ever, it has one annoying habit — every 
so often it “locks out” for no apparent 
reason. A red light-emitting diode 
(l.e.d.) on the front panel flashes and 
there is no more hot water until the 
Reset button has been pressed. 
Fortunately, the boiler is conven- 
iently placed. Keeping an eye on the 
warning light is therefore not difficult 
so any lock-out condition can be 
corrected promptly. However, many 
families have their boiler situated 
in the garage. It might then be some 
time before they are made aware that 
a problem exists — probably because 
the house becomes cold or there is a 
lack of hot water. 


Repeater 


This device is an indicator lamp 
repeater. Its purpose is to mimic 
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operation of an l.e.d. or filament lamp 
at a distance. For example, ifthe l.e.d. 
on the boiler glows steadily, the l.e.d. 
on the remote unit will do similarly. 
If it flashes once every second, so will 
the l.e.d. on the new unit. Of course, 
the circuit could be used to monitor 
an l.e.d. or small filament lamp on any 
electrical appliance such as a washing 
machine or freezer — its use is not re- 
stricted to central heating boilers. 


Link-up 

The circuit comprises two parts —a 
transmitter and a receiver. The trans- 
mitter is placed close to the appliance 
and is wired to a small sensor attached 
to it. The receiver is placed where it 
may be easily seen. The two sections 
are radio-linked so interconnecting 
wires are avoided. 

The operating range (maximum dis- 
tance between transmitter and receiver) 
depends to a large extent on condi- 
tions. However, with the prototype 


transmitter located in a detached brick 
garage, it was possible to place the 
receiver inside the house some six to 
eight metres away (measured asa direct 
“line of sight”). This takes account of 
intervening building materials such as 
brick, wood and breeze block. 

Note, however, that the presence 
of metal surfaces between the units 
reduces the range and may prevent 
operation altogether. Under ideal con- 
ditions, a considerably greater range 
may be achieved. 


Sensor 


The sensor is mounted in a small 
box which is attached over the lamp or 
l.e.d. to be monitored. By responding 
to its light, it avoids electrical connec- 
tions having to be made to the existing 
appliance circuit. Making direct con- 
nections might not be easy, could be 
dangerous and would have warranty 
implications. A “status” l.e.d. on the 
transmitter unit is provided which 
mimics operation of the one on the 
appliance being monitored (because 
this is now covered up and therefore 
cannot be seen). 

Both parts of the circuit are pow- 
ered using nominal 12V commercial 
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Fig.1. Circuit diagram for the Status Monitor Transmitter 


plug-in adaptors. This is necessary 
because they will be operating 
continuously. 

Although each section draws only 
50mA approximately, batteries would 
soon be exhausted. A mains socket will 
therefore be needed close to each unit. 
Note that, since the supply is derived 
from the mains, both modules must 
be operated indoors and under dry 
conditions. 


Transmitter circuit 

The circuit diagram for the Status 
Monitor Transmitter is shown in 
Fig.1. Current flows from the supply 
(nominally 12V d.c.) via diode D3 
to the input of voltage regulator IC4. 
The diode provides reverse-polarity 
protection, if the supply were to be 
connected in the wrong sense, it would 
not conduct and the rest of the circuit 
would be protected. 

The regulator provides a constant 
8-2V output to power the circuit. 
This is necessary because the voltage 
obtained from a plug-in adaptor is 
often much higher than its nominal 
value. Capacitor C3 provides addi- 
tional smoothing if this is not already 
adequate (and in cheap power supplies 
it often is not). 

Capacitors C1 and C2 promote stable 
operation of the regulator. Green l.e.d. 
D2 is the On indicator with series resis- 
tor R5 limiting its operating current to 
16mA approximately. 


Light detection 


When phototransistor TR1 picks up 
light from the l.e.d. being monitored, 
the voltage between its collector 
(c) and emitter (e) falls. No connec- 
tion is made to the base (b). Resistor 


R1 connected in series with preset 
potentiometer VR1 provide the col- 
lector load. 

The voltage at TR1’s collector is 
applied to the non-inverting input 
(pin 3) of op.amp IC1. The inverting 
input (pin 2) receives a voltage from 
the sliding contact (wiper) of preset 
potentiometer VR2, whose track is 
connected between the supply rails. 
In use, it is set so that the voltage at 
the inverting input is slightly less than 
that at the non-inverting one when TR1 
is in darkness. 

Under these conditions, the op.amp 
will therefore be on with its output, 
pin 6, high. When light of sufficient 
brightness is detected by phototran- 
sistor TR1, the voltage at the op.amp 
non-inverting input falls below that 


at the inverting one and the device 
switches off, with its output going 
low. 

The signal from the op.amp output 
is applied to the base of transistor TR2 
via resistor R2. Since this is a pnp 
transistor, a low state at the base will 
switch it on. Red l.e.d. D1 in TR2’s 
collector path then operates with 
its current limited to approximately 
16mA by resistor R3. Thus, when the 
l.e.d. being monitored is on, D1 will 
also be on. This is the Status lL.e.d. 
which will be visible to the user on the 
front panel of the Transmitter unit. 


Digital code 

The signal from op.amp IC1 output 
is also applied to the “transmit enable” 
input (pin 14) of encoder device, IC2. 


Transmitter Parts List 


1 printed circuit board, available 
from the PCB Service, code 
555 (Trans) 

1 plastic case, size 112 x 62 x 
31mm approx. 

1 small plastic lightproof box 

1 4-way d.i.I. switch (S1 to S4) 

2 2-way p.c.b. mounting screw 
terminal blocks, 5mm pitch 

1 8-pin d.i.l. socket 

1 18-pin d.i.l. socket 


2 plastic p.c.b. stand-offs 

1 12V 100mA plug-in mains 
adaptor power supply, plus 
matching chassis-mounting 
socket (see text) 

connecting wire, link wire, 
solder, glue etc. 


Resistors (0-25W 5%) 
1 330Q 

1 390Q 

118k 
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1 220k 
1 680k 


Pontentiometers 
2 2M2 min. enclosed preset, 
vertical 


Capacitors 
2 100n metal, polyester 
1 220u radial elect, 25V 


Semiconductors 

1 red |.e.d., 3mm 

1 green l.e.d., 3mm 

1 1N4001 rectifier diode 

1 SHF300-2 phototransistor 
(see text) 

1 2N3906 pnp transistor 

1 CA3130 op.amp i.c. 

1 HT12E encoder i.c. 

1 LM78L82ACZ 8-2V voltage 
regulator 

1 AM-RT4-433 Transmitter 
module (see text) 
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While this is low, a digital code (a 
string of on and off pulses) is provided 
repeatedly by the “data” output (pin 
17). The value of the code is deter- 
mined by the logic state of twelve pins 
—1to 8 and 10 to 13. 

The code will be chosen to make 
the signal different to that from any 
similar devices (car central locking 
systems, burglar alarms, etc) which 
might be operating nearby. This avoids 
false operation. 


Code switches 

Switches S1 to S4 connected to IC2 
pins 1 to 4 determine the code. Any 
switch that is on connects the associ- 
ated input to the OV line to provide 
a logic state of “0”. A switch which 
is off leaves the input unconnected 
and it automatically assumes a logic 
state of “1”. 

There is little to be gained by allow- 
ing the logic state of all twelve code 
pins to be controlled in this way so 
pins 5 to 8 and 10 to 13 are perma- 
nently connected to the OV line, giving 
a logic state of “O” to all of them. 

The switches allow a choice of 16 
possible codes, which should be found 
sufficient to avoid picking up any spu- 
rious transmissions from elsewhere. 

An oscillator built into IC2 is nec- 
essary for its operation. Its frequency 
is determined by the value of resistor 
R4 connected between “OSC” inputs, 
pins 15 and 16. Using the specified 
resistor value, this will be 4-5kHz 
approximately. 

The coded signal obtained from 
IC2 data output, pin 17, is applied to 
the “data input” (pin 3) of transmitter 
module IC3. A radio signal modu- 
lated with the code is then radiated 


AERIAL 


by the aerial (which comprises a one 
quarter-wavelength section of p.c.b. 
track — see Fig.3) connected to “data 
output” pin 4. 


Receiver circuit 

The circuit diagram for the Receiver 
is shown in Fig.2. The power supply 
arrangements are the same as those 
used in the Transmitter and comprise 
the nominal 12V plug-in adaptor, di- 
ode D3, smoothing capacitor C5, 8-2V 
regulator IC3 and associated capacitors 
C3 and C4. Green l.e.d. D2 operates 
through current-limiting resistor R4 
to provide the On indicator. 

The “coded” radio signal arriving 
from the Transmitter is picked up by the 
Receiver (IC1) aerial (a further section 
of p.c.b. track) which is connected to 
“data input” pin 3. The amplified data 
is then provided at “data out” pin 14. 

The function of each pin is shown 
in Table 1. Capacitors C1 and C2 


IC1 
AM-HRR3-433 


VALID 
TRANS 


Light Sensor box 
connected to the 
Transmitter unit 


decouple the a.f. (audio frequency) and 

r.f. (radio frequency) sections of IC1. 
The data provided by IC1 pin 14 is 

applied to the “data input” (pin 14) of 


Function 

RF + Vcc 

RF GND 

Data in (aerial) 
Non-existent 
RF GND 
Non-existent 
AF + Vcc 

AF GND 

AF + Vcc 

Test point (not used) 
Data Out 

AF + Vcc 


Fig.2. Circuit diagram for the Receiver section of the Status Monitor 
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decoder device, IC2. Switches S1 to S4 
connected to pins 1 to 4 operate in the 
same way as those in the Transmitter 
and will be set at the end to provide 
the same code. All the other code 
inputs (pins 5 to 8 and 10 to 13) are 
permanently connected to OV to give 
a logic state of “0” to each. 

As with the transmitter, an internal 
oscillator is necessary for IC2’s opera- 
tion with the frequency determined 
by the value of resistor R1 connected 
between the “OSC” inputs, pins 15 and 
16. Using the specified value, this will 
be 225kHz approximately. This fulfils 
the manufacturer’s recommendation 
that the oscillator frequency of the 
decoder should be approximately 50 
times that of the encoder. 

When IC2 “sees” a signal arriving 
which carries the same code as its 
own, the “valid transmission” output 
(pin 17) goes high. Signals picked up 
from similar devices operating nearby 
do not do this because they are likely 
to carry an incorrect code. 

When pin 17 goes high, it switches 
on transistor TR1 with base current 
entering via resistor R2. The red Sta- 
tus le.d. (D1) in its collector circuit 
then operates with series resistor, 
R3, limiting its current to 16mA ap- 
proximately. 


Wireless modules 

The transmitter (IC3 in Fig.1) and 
receiver (IC1 in Fig. 2) are commercial 
modules of the type widely used in car 
remote locking systems, “wireless” 
burglar alarms and similar devices. 
The transmitter provides a very low 
radiated power at an authorised spot 


frequency — in this case, 433MHz and 
the receiver is pre-tuned to match it. 
The modules are of the amplitude 
modulated (a.m.) type and no tradi- 
tional “radio skills” are needed to 
use them. 

Subject to pin compatibility, vari- 
ous transmitter and receiver modules 
could be used. However, those speci- 
fied in the parts list have been shown 
to work well. The transmitter used in 
the prototype has the advantage that 
the aerial does not need to be tuned 
to match the output. Some simple 
devices need considerable “fiddling” 
to achieve resonance (usually by ad- 
justing a trimmer capacitor) so that 
maximum power is radiated. 


Receiver Parts List 


1 printed circuit board, available 
from the EPE PCB Service, 
code 556 (Rec) 

1 plastic case, size 112 x 62 x 
31mm approx. 

1 4-way d.i.I. switch (S1 to S4) 

1 18-pin d.i.l. socket 

1 2-way p.c.b. mounting screw 
terminal block, 5mm pitch 

2 plastic p.c.b. stand-offs 

1 12V 100mA plug-in mains 
adaptor power supply, plus 
matching chassis-mounting 
socket (see text) 

connecting wire, link wire, 
solder, etc. 


Resistors (0-25W 5%) 
1 330Q 

1 390Q 

118k 

1 27k 


Capactiors 
4 100n metallised polyester 
1 220u radial elect. 25V 


Semiconductors 

1 red l.e.d., 3mm 

1 green l.e.d., 3mm 

1 1N4001 rectifier diode 

1 2N3904 npn transistor 

1 HT12F decoder i.c. 

1 LM78L82ACZ 8-2V voltage 
regulator 

1 AM-HRR3-433 receiver 
module (see text) 
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The range could possibly be in- 
creased by using a superhet receiver 
rather than the specified TRF (tuned 
radio frequency) type. The range may 
also be extended by modification to the 
receiver aerial (of which more later). 


Construction Transmitter 

The Status Monitor is built on two 
single-sided printed circuit boards. 
These boards are available from the 
EPE PCB Service, code 555 (Trans.) 
and 556 (Rec.). The component and 
track layouts are shown in Fig.3 and 
Fig.4 respectively. Pinouts for the 
transmitter and receiver modules are 
included in the accompanying inset 
diagrams. 

Starting with the Transmitter p.c.b., 
solder in position the two i.c. sockets, 
the two 2-way pieces of screw terminal 
block TB1 and TB2, d.i.l. switches S1 
to S4 and the link wire near IC3 pin 
4 position. Add all capacitors and 
resistors (including presets VR1 and 
VR2) taking care over the polarity of 
electrolytic capacitor C3. 

Add diode D3, l.e.d.s D1 (red) and 
D2 (green) — to provide a neat appear- 
ance when mounted in the box the 
height of these should be the same. 
Solder transistor TR2 (flat face towards 
IC1) and voltage regulator, IC4 (flat face 
towards IC2) correctly observing the 
orientation of these devices. 

Taking great care and using mini- 
mum heat, solder the transmitter mod- 
ule (IC3) in position. As an additional 
precaution against heat damage, push 
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TRANSMITTER CIRCUIT BOARD 


TR2 REGULATOR 
b 


. | | 
ebc COM 


(ov) 


LOOKING AT LOOKING AT 
FLAT FACE FLAT FACE 


Fig.3. (right). Transmitter printed 
circuit board component layout and 
full-size copper foil master. Pinout 
details for TR2, IC4 and transmitter 
module are shown inset above 


the pins through the p.c.b. by only the 
minimum amount needed to make 
good soldered joints. Note that pins 1 
and 2 are placed nearer the bottom of 
the p.c.b. (see photograph). 

Adjust VR1 to maximum resistance 
(fully anti-clockwise as viewed from 
the left hand edge of the p.c.b.). This 
will probably be correct if using the 
specified phototransistor but may 
need to be adjusted later if another 
type is used. Note that the phototran- 
sistor must be of a type that responds 
to visible light. It must not be of the 
infra-red variety. 

Finish by inserting IC1 and IC2 into 
their sockets. These are CMOS devices 
and could be damaged by static charge 
on the body. Before handling the pins, 
therefore, touch something which is 
earthed (such as a metal water tap). 

Connect a piece of light-duty twin 
stranded wire to terminal block TB1 for 
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the phototransistor. The wire should 
be long enough to reach between the 
l.e.d./lamp being monitored and the 
proposed position of the unit. Do not 
make it any longer than necessary 
— say, one metre maximum. 


Receiver Construction 


Next, construct the Receiver section. 
Solder the 2-way section of screw ter- 
minal block TB1 and dil. switches 
S1 to S4 in position. Solder the socket 
for IC2, the link wire near IC1 pin 7 
position and all resistors and capaci- 
tors taking care over the polarity of C5. 
Add Transistor TR1 (flat face towards 
the bottom of the p.c.b.), diode D3, 
l.e.d.s D1 (red) and D2 (green). As with 
the Transmitter, the tops of the l.e.d.s 
should be at the same height. 

Add voltage regulator IC3 (flat face 
towards IC2) observing the correct 
orientation of this device. Taking great 
care and using minimum heat, solder 
the receiver module (IC1) in place 
— this will only fit one way round 


3.15in (80mm) 


with the component side towards to 
left-hand edge of the p.c.b. Again push 
the pins through the board by only the 
least amount needed to make good 
soldered joints. 

Insert IC2 into its socket observing 
the precautions mentioned for the 
transmitter. Set switches S1 to S4 in 
both units to provide the same code. 
For example, On, Off, Off, On for S1 
to S4 respectively in each unit. 


Testing 

Test the circuits using a battery 
— not the mains adaptors. Connect 
the phototransistor temporarily to the 
wires leading to TB1 in the Transmit- 
ter unit — terminal “c” on TB1 should 
connect to the collector and “e” to the 
emitter. The collector on the specified 
device has the shorter end lead and a 
flat on its body. 

Make up a 12V battery (say eight 
AA-type cells in a suitable holder) 
and, observing the polarity, connect it 
to both units (TB2 in the Transmitter 
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and TB1 in the Receiver) using pieces 
of twin stranded wire. Place the units 
a few metres apart and check that the 
green On l.e.d. operates in each. 

Cover the phototransistor so that 
it is completely dark. Apply digital 
voltmeter probes to TB1 terminals on 
the transmitter unit (that is, between 
TR1’s collector and emitter). If the 
voltage is rather more than one-half 
the regulated supply voltage (say, 
between 5V and 7V) leave preset VR1 
adjusted as it is. If not, first check that 
the phototransistor is totally dark and, 
if necessary, re-adjust VR1. Unless 
maximum sensitivity is required, this 
setting is not particularly critical. 

Now, adjust preset VR2 so that the 
local status l.e.d. (D1) is just off. You 
should see the matching l.e.d. (D1) in 
the distant unit is also off. If a little 
light is allowed to reach the phototran- 
sistor, both the local and distant status 
l.e.d.s should operate. 


Boxing Up 

Note that both units must be built in 
plastic (not metal) cases. Metal boxes 
would prevent radio waves passing 


AERIAL| 
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Fig.4. Component layout and full-size underside copper foil master pattern 
for the Receiver. Pinout details for the transistor and receiver module are 
shown inset 


The completed units showing the mains adaptor power-in sockets and the 
“mimic” Status L.e.d.s 
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through and the circuit would not 
work. 

Drill mounting holes in the bottom 
of each box to correspond with those in 
the p.c.b.s. Mount the p.c.b.s. on short 
plastic stand-off insulators so that the 
tops of the l.e.d.s will stand slightly 
higher than the lids of the boxes when 
these are in place. 

Measure the position of each l.e.d. 
and make holes in the lids for them 
to show through. Drill small holes 
and mount the “power-in” sockets 
which are used to connect the plug-in 
adaptors. In the Transmitter unit, drill 
an additional small hole for the wire 
entering from the Sensor unit. 

Connect the power-in sockets to TB2 
(Transmitter) and TB1 (Receiver) using 
light-duty stranded wire. If the power 
supply output plugs have fixed polar- 
ity (for example, the “pin” being posi- 
tive) observe this so that the polarity 
at each terminal block is correct. If it 
is incorrect, the circuits will not work 
and the wires at the terminal blocks 
will need to be reversed. 


Sensor unit 


The phototransistor should be 
mounted ina small lightproof box. The 
author used one in which a semicon- 
ductor device had been supplied. Drill 
a hole for the phototransistor itself 
and a further one for the sensor wire 
entering from the Transmitter unit. In 
the prototype, the phototransistor hole 
was drilled near one corner of the box 
since this was convenient for the L.e.d. 
being monitored. 

Glue the phototransistor in place 
with its top a little higher than the top 
face of the box. Pass the sensor wires 
through the holes and solder them to 
the phototransistor’s end wires tak- 
ing care that the collector and emitter 


connect to the “c” and “e” points re- 


-/ 


spectively at terminal block TB1. Make 
sure the connections cannot touch 
using insulation as necessary. Apply 
small cable ties to the wire inside of 
the sensor and main box to provide 
strain relief. 

The sensor will be mounted on the 
front panel of the appliance being 
monitored so that its Status l.e.d. is 
directly opposite the phototransistor’s 
“window”. This could be done using 
adhesive fixing pads. It is essential to 
exclude all extraneous light because 
this would alter the operating point 
and reduce the sensitivity of the cir- 
cuit. A piece of black foam with a circle 
cut in the centre for the phototransistor 
could be glued to the top of the sensor 
box for this purpose (a piece of electri- 
cally conductive foam supplied with 
an integrated circuit was used for the 
prototype). 


The 
Sensor Unit 


Plug in the Transmitter’s power sup- 
ply and conduct some tests. Adjust 
VR2 so that the Status l.e.d. copies 
operation of the l.e.d. on the appli- 
ance. If the l.e.d. being monitored is 
particularly dim, you will need to find 
the best position for the phototransis- 
tor and adjust VR2 carefully to achieve 
reliable operation. However, in most 
cases, setting-up will not be difficult. 

Find a suitable place for the Re- 
ceiver unit and check for correct op- 
eration. Unless it is only a few metres 


away, it may be necessary to adjust 
the position and orientation of both 
Transmitter and Receiver to give reli- 
able operation. You could increase the 
range by fitting a small external whip 
aerial on the Receiver in place of the 
section of copper track. Do not modify 
the Transmitter aerial or the unit could 
be operating illegally. 


Regulations 


There are legal restrictions about 
using radio transmitter modules such 
as those used here. In the UK the regu- 
lations state that all transmitters shall 
use integral antennas only. Receivers 
may use an external antenna or an 
integral antenna. An integral antenna 
is defined as one which is designed 
to be connected permanently to the 
transmitter or receiver without the use 
of an external feeder. 

To operate this transmitter legally in 
the UK, you must attach an inspection 
mark to the outside of the case with 
this wording: 


The minimum size is 10mm x 15mm 
and the lettering must be at least 2mm 
high. 


Response Code 

The circuit should not respond to 
other similar devices that might be 
within range. If it does, change the 
code in both units. However, a strong 
signal can “swamp” the Receiver and it 
will not respond during that time. This 
might happen if the system is being 
used at maximum range. EPE 


Get your magazine “instantly” anywhere 


SO udeg: ) qopmess 


WWW. 200INAG.COM? 


in the world — buy and download from the 


web. 


TAKE A LOOK, A FREE ISSUE IS AVAILABLE 
A one year subscription (12 issues) costs just 


$15.99 (US) 


www.epemag.com 


46 


Everyday Practical Electronics, February 2006 


EPE Tutorial Series 


TEACH-IN 2006 


Part Four — Semiconductors, Introducing Diodes. 


MIKE TOOLEY BA 


Our Teach-In 2006 series provides a broad-based introduction to electronics for the complete newcomer. The 
series also provides the more experienced reader with an opportunity to “brush up” on topics which may be 
less familiar. This month we investigate semiconductors in general and diodes in particular. 


Semiconductors 

Semiconductors form the basis of many 
important electronic components such as 
diodes, silicon controlled rectifiers, triacs, 
transistors and integrated circuits. 
Semiconductor devices are made from 
materials that are neither conductors nor 
insulators. We begin this part with a brief 
introduction to the principles of semicon- 
ductors and then go on to examine the char- 
acteristics of various diodes. 

You should recall from Part One (Nov 
°05) that an atom contains both negative 
charge carriers (electrons) and positive 
charge carriers (protons). Electrons each 
carry a single unit of negative electric 
charge while protons each exhibit a single 
unit of positive charge. 

Since atoms normally contain an equal 
number of electrons and protons, the net 
charge present will be zero. For example, if 
an atom has eleven electrons, it will also 
contain eleven protons. The end result is 
that the negative charge of the electrons 
will be exactly balanced by the positive 
charge of the protons. 

Electrons are in constant motion as they 
orbit around the nucleus of the atom. 
Electron orbits are organized into shells, as 
shown in Fig.4.1. 

The maximum number of electrons pre- 
sent in the first shell is two, in the second 
shell eight, and in the third, fourth and fifth 
shells it is 18, 32 and 50, respectively. In 
electronics, only the electron shell further- 
most from the nucleus of an atom is impor- 
tant. It is also important to note that the 
movement of electrons between atoms only 
involves those present in the outer valence 
shell. 

If the valence shell contains the maxi- 
mum number of electrons possible the 
electrons are rigidly bonded together and 
the material has the properties of an insu- 
lator. If, however, the valence shell does 
not have its full complement of electrons, 
the electrons can be easily detached from 
their orbital bonds, and the material has 
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the properties asso- 
ciated with an elec- 
trical conductor. 

In its pure state, 
silicon is an insula- 
tor because the 
covalent bonding 
rigidly holds all of 
the electrons leav- 
ing no free (easily bas 
loosened) electrons “> 
to conduct current. 2 
If, however, an atom 
of a different ele- 
ment (i.e. an impu- 
rity) is introduced 
that has five elec- ; ee 
trons in its valence oo 
shell, a surplus elec- 
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tron will be present 
(see Fig.4.2). These 
free electrons 
become available 
for use as charge 
carriers and they can be made to move 
through the lattice by applying an exter- 
nal potential difference to the material. 


Impurities 
Similarly, if the 


valency of 4) 


Fig.4.1. Shared electrons in the atomic matrix of a pure insu- 
lating material (for example pure germanuim which has a 


nal potential difference is applied to the 
material. 

Regardless of whether the impurity ele- 
ment produces surplus electrons or holes, 
the material will no longer behave as an 


impurity element 
introduced into the 
pure silicon lattice 
has three electrons 
in its valence shell, iS 4 
the absence of the > 
fourth electron 2. 
needed for proper 4 
covalent bonding 
will produce a 
number of spaces 
into which elec- 
trons can fit (see 
Fig.4.3). These 
spaces are referred 
to as holes. Once 
again, current will 
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flow when an exter- 


Fig.4.2. Effect of introducing a pentavalent impurity 
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Leading digit, let- 
ter, serial number, 


Trivalent impurity atom suffix (optional) 
The leading digit 
designates the num- 
eo . 2 ber of p-n junctions 
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used in the device. 


OQ Hence a device code 
S) starting with 1 
‘ relates to a single p-n 
7 4 junction (i.e. a diode) 
Le Hole whilst a device code 


starting with 2 indi- 
cates a device that 
o has two p-n junctions 

@ rs (usually a transistor). 
e The letter is always 

N_ (signifying a 
JEDEC device) and 
the remaining digits 
are the serial number 


Fig.4.3. Effect of introducing a trivalent impurity 


insulator neither will it have the properties 
that we normally associate with a metallic 
conductor. Instead, we call the material a 
semiconductor — the term simply indicates 
that the substance is no longer a good insu- 
lator or a good conductor but is somewhere 
in between! Examples of semiconductors 
include germanium (Ge) and silicon (Si). 
(The amount of impurity present determines 
how much the material conducts.) 

The process of introducing an atom of 
another (impurity) element into the lattice 
of an otherwise pure material is called 
doping. When the pure material is doped 
with an impurity with five electrons in its 
valence shell (i.e. a pentavalent impurity) 
it will become an n-type (i.e. negative 
type) material. If, however, the pure mate- 
rial is doped with an impurity having 
three electrons in its valence shell (i.e. a 
trivalent impurity) it will become p-type 
material (i.e. positive type). An n-type 
semiconductor material contains an 
excess of negative charge carriers whilst 
p-type material contains an excess of pos- 
itive charge carriers. 


Check Point 4.1 


In its pure state, silicon is an insulator 
because the covalent bonding rigidly 
holds all of the electrons leaving no free 


(easily loosened) electrons to conduct 
current. However, when atoms of a dif- 
ferent element (i.e. an impurity) is intro- 
duced the material will conduct electric 
current and the resulting material is 
known as a semiconductor. 


Semiconductor Classification 

Semiconductor devices are classified 
using a unique part numbering system. 
Several schemes are in use including the 
American Joint Engineering Device 
Engineering Council (JEDEC) system, the 
European Pro-Electron system, and the 
Japanese based JIS system. In addition, 
some manufacturers have adopted their 
own coding schemes. 


The JEDEC system 

The JEDEC system of semiconductor 
classification is based on the following 
coding format: 


of the device. In 
addition, a_ suffix 
may be used in order 


to indicate the gain group. Table 4.1 shows 
the system. 


The Pro-Electron system 

The European Pro-Electron system for 
classifying semiconductors involves the 
following coding format: 

First letter, second letter, third letter 
(optional), serial number, suffix (optional). 
See table 4.2. 


The JIS system 

The Japanese Industrial Standard (JIS) is 
based on the following coding format: 
Leading digit, first letter, second letter, ser- 
ial number, suffix (optional). See table 4.3. 


Introducing Diodes 

When a junction is formed between n- 
type and p-type semiconductor materials, 
the resulting device is called a diode, as 
shown in Fig.4.4. This component offers 
an extremely low resistance to current 
flow in one direction and an extremely 


Table 4.1. JEDEC coding system 


Leading digit — number of p-n junctions 


Letter — origin 


1 Diode 

2 Transistor 

3 Silicon controlled rectifier or 
dual gate MOSFET 

4 Optocoupler 


N North American JEDEC 
coded device 


Serial number — the serial number does not generally have any particular significance 


Suffix — some transistors have an additional suffix that 
denotes the gain group for the device (where no suffix 
appears the gain group is either inapplicable or the group 


is undefined for the device in question) 


A Low gain 
B Medium gain 
C High gain 


Table 4.2. The Pro-Electron system 


First letter — semiconductor material 


Second letter — application 


A Germanium 

B Silicon 

C Gallium arsenide, etc. 
D Photdiodes, etc. 


A Diode, low power or signal 
B Diode, variable capacitance 
C Transistor, audio frequency 
low power 

D Transistor, audio frequency 
power 

E Diode, tunnel 

F Transistor, high frequency 
low power 

P Photodiode 

Q Light emitting diode 

S Switch device 

T Controlled rectifier 

X Varactor diode 

V Power rectifier 

Z Zener diode 


Third letter — if present this number indicates that the device is intended for industrial or 
professional rather that commercial applications 


Serial number — the serial number does not generally have any particular significance 


Suffix — some transistors have an additional suffix that 
denotes the gain group for the device (where no suffix 


A Low gain 
B Medium gain 


appears the gain group is either inapplicable or the group | C High gain 


is undefined for the device in question) 
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Table 4.3. The JIS system 


The JIS coding system is similar to the JEDEC system: 


Leading digit — number of p-n junctions 


First and second letters — applications 


1 Diode 

2 Transistor 

3 Silicon controlled rectifier or 
dual gate MOSFET 

4 Optocoupler 


SA pnp high frequency 
transistor 

SB pnp audio frequency 
transistor 

SC npn high frequency 

SD npn audio frequency 

SE Diode 

SF Silicon controlled rectifier 
SJ p-channel FET/MOSFET 
SK n-channel FET/MOSFET 
SM Triac 

SQ LED 

SR Rectifier 

SS Signal diode 

ST Diode 

SV Varactor 

SZ Zener diode 


Serial number — the serial number does not generally have any particular significance 


Suffix — some devices have a suffix that denotes approval of the device for use by certain 


organisations 


Question 4.1 


Q4.1. Classify each of the following 
semiconductor devices: 

(a) IN4002 

(b) BFY52 

(c) 3N200 

(d) AA119 

(e) 2N3053 

(f) 2SA1077 


Check Point 4.2 


Depending upon their region of ori- 
gin, semiconductors devices (such as 
diodes and transistors) are marked using 
one of several different coding systems. 
The most commonly used systems are 
the JEDEC (USA),  Pro-Electron 
(Europe) and JIS (Japan) systems. In 
addition, some manufacturers also use 
their own “house codes”. 


t 


Depletion region 


Fig.4.4. A p-n junction 


high resistance to current flow in the 
other. This characteristic allows diodes to 
be used in applications that require a cir- 
cuit to behave differently according to the 
direction of current flowing in it. An ideal 
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diode would pass an infinite current in one 
direction and no current at all in the other 
direction. 

Connections are made to each side of the 
diode. The connection to the p-type material 
is referred to as the anode while that to the n- 
type material is called the cathode. With no 
externally applied potential, electrons from 
the n-type material will cross into the p-type 
region and fill some of the vacant holes. This 
action will result in the production of a 
region either side of the junction in which 
there are no free charge carriers. This zone is 
known as the depletion region. 

If a positive voltage is applied to the anode, 
see Fig.4.5a, the free positive charge carriers 
in the p-type material will be repelled and they 
will move away from the positive potential 
towards the junction. Likewise, the negative 
potential applied to the cathode will cause the 
free negative charge carriers in the n-type 
material to move away from the negative 
potential towards the junction. 

When the positive and negative charge 
carriers arrive at the junction, they will attract 
one another and combine (recall that unlike 
charges attract). As each negative and posi- 
tive charge carrier combine at the junction, a 
new negative and positive charge carrier will 
be introduced to the semiconductor material 
from the voltage source. As these new charge 
carriers enter the semiconductor material, 
they will move toward the junction and com- 
bine. Thus, current flow is established and it 
will continue for as long as the voltage is 
applied. In this forward-biased condition, the 
diode freely passes current. 

If a negative voltage is applied to the 
anode, see Fig.4.5b, the free positive charge 
carriers in the p-type material will be attract- 
ed and they will move away from the junc- 
tion. Likewise, the positive potential applied 
to the cathode will cause the free negative 
charge carriers in the n-type material to move 
away from the junction. The combined effect 
is that the depletion region becomes wider. In 
this reverse-biased condition, the diode pass- 
es a negligible amount of current. 


(a) Forward biased p-n junction 


(b) Reverse biased p-n junction 


Fig.4.5. Forward and reverse biased 
p-n junction diode 


Check Point 4.3 


In the freely conducting forward- 


biased state, a diode acts like a closed 
switch. Conversely, when in the reverse- 
biased state, a diode will act like an open 
switch. 


Diode Characteristics 

Typical J/V characteristics for germani- 
um and silicon diodes are shown in Fig.4.6. 
It should be noted from these characteris- 
tics that the approximate forward conduc- 
tion voltage for a germanium diode is 0.2V 
whilst that for a silicon diode is 0-6V. This 
threshold voltage must be high enough to 
completely overcome the potential associ- 
ated with the depletion region and force 
charge carriers to move across the junction. 


Example 4.1 
The characteristic of a diode is shown in 
Fig.4.7. Determine: 


(a) the current flowing in the diode when 
a forward voltage of 0:3V is applied 


(b) the voltage dropped across the diode 
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Forward current (mA) 


Fig.4.6. Typical I/V characteristics for germanium and silicon 
diodes 


Practical — 
Investigation 


Objective: To 


R1 100 


131 +19 B19 B15 


(b) Measuring the current 


8 ‘ ‘ 
investigate the 
characteristics of a 
oe a diode. 
Components and materials: 


Breadboard; 9V DC power source (either a 
PP9 9V battery or an AC mains adapter 
with a 9V 400mA DC output); digital mul- 
timeter with test leads; 100Q resistor; 
10k@ potentiometer, insulated wire links 


a 


Fig.4.8. Circuit diagram for Practical Investigation 4.1 


(various lengths); diodes (selection includ- 
ing one or more IN4001, 1N4148 and 
OA91); assorted crocodile leads; short 
lengths of black, red, and green insulated 
solid wire. A watch or clock with a seconds 
display will also be required for timing. 


A ae a er ee 


° oo 02 o4 06 a8 Ph: to set a 
remove and insert 
Forward voltage 
” meter here to read 


ai” 


Fig.4.7. See Example 4.1 


when a forward current of 9mA is flow- 
ing in it 


(c) the resistance of the diode when the 
forward voltage is 0-6V Green 


coood 
oaoog 


(d) whether the diode is a germanium or 
silicon type 


Results 

(a) When V = 0.3V, I = 0-7mA 

(b) When I = 9mA, V = 0-67V 

(c) From the graph, when V = 0-6V, 
I= 6mA. Thus V/I = 0-6/0-006 = 10022 
(d) The onset of conduction occurs at 


QV power supply 
-ve +ve 
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diode is approximately 0-2V whilst that 
for a silicon diode is approximately 


0-6V. 
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Fig.4.9. Wiring diagram for Practical Investigation 4.1 
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Circuit diagram: See Fig.4.8 
Wiring diagram: See Fig.4.9 


Procedure: The required breadboard 
wiring is shown in Table 4.4. 

Connect the circuit shown in Fig.4.8a 
and the links and meter as described in 
Table 4.5. Set the variable resistor (VR) to 
mid-position. Switch on the DC supply (or 
connect the battery), check that the meter is 
set to the 2V DC voltage range and read the 
diode forward voltage. Adjust VR to obtain 
a reading of exactly 0-25V. 

Now remove the link and reconnect the 
meter as described in Table 4.6. Set the 
meter to the 20mA DC current range and 
read the diode forward current. Record 
the value of forward voltage (0-25V) and 
corresponding forward current in Table 
4.7. Repeat steps 12 to 17 with the diode 
forward voltage set to the remaining 
values shown in the table and, for each 
value of forward voltage, measure and 
record the corresponding value of for- 
ward current. If time permits, repeat the 
investigation with other diodes (1N4148 
and OA91). 

Plot graphs of forward current (on the 
vertical axis) against forward voltage (on 
the horizontal axis) for each diode inves- 
tigated using the graph sheet shown in 
Fig.4.10, which you could enlarge on a 
photocopier. 


Conclusion: Comment on the shape of 
the graphs. Is this what you would expect? 
Can you say what type of semiconductor is 
used in the manufacture of each device? 
Based on the shape of the characteristic 
curves, estimate the forward voltage for 
each diode. 


Maximum Ratings 

It is worth noting that diodes are limited 
by the amount of forward current and 
reverse voltage they can withstand. This 
limit is based on the physical size and con- 
struction of the diode. In the case of a 
reverse biased diode, the p-type material is 


Table 4.4. Breadboard wiring for Practical Investigation 4.1 


Step Connection, link or component From 
1 -9V supply -9V 
2 +9V supply +9V 
3 Black wire Black terminal 
4 Red wire Red terminal 
5 D1 1N4001 B13 (anode) 
6 R1 1002 B19 
gi Yellow link All 
8 VR Ell 
9 VR E13 
10 VR E15 
11 Green link Al9 
Table 4.5. To set the voltage for Fig.4.8a 
Step Connection, link or component From 
12 Green wire Green terminal 
13 Meter positive A (Red) 
14 Meter negative COM (Black) 
Table 4.6. To set the current for Fig.4.8b 
Step Connection, link or component From 
15 Remove green wire Green terminal 
16 Meter positive V (Red) 
17 Meter negative COM (Black) 


Forward current (mA) 
5 


To 


Black terminal 
Red terminal 
-31 

+31 

B3 (cathode) 
B15 

-l1 


+19 


To 


A3 
D1 anode (B13) 
D1 cathode (B3) 


To 


A3 
Green terminal 
Black terminal 


Table 4.7. Measurements 


Forward Voltage 


Forward current (mA) 


(V) 1N4001 1N4148 OA91 


negatively biased 
relative to the n- 
type material. In 
this case, the nega- 
tive potential to the 


p-type —_— material 
attracts the positive 
carriers, drawing 


them away from 
the junction. This 
leaves the area 
depleted; virtually 
no charge carriers 
exist and therefore 
current flow is 
inhibited. 

The reverse bias 


Fig.4.10. Graph sheet for plotting the results of Practical 


Investigation 4.1 
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potential may be 
increased to the 


breakdown voltage for which the diode is 
rated. As in the case of the maximum for- 
ward current rating, the reverse voltage is 
specified by the manufacturer. Typical values 
of maximum reverse voltage or peak inverse 
voltage (PIV) range from SOV to S00V. 

The reverse breakdown voltage is usual- 
ly very much higher than the forward 
threshold voltage. A typical general-pur- 
pose diode may be specified as having a 
forward threshold voltage of 0-6V and a 
reverse breakdown voltage of 200V. If the 
latter is exceeded, the diode may suffer 
irreversible damage. 


Diode Types and Applications 
Diodes are often divided into signal or 
rectifier types according to their principal 
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Device Material Max reverse 
code voltage 
1N4148 Silicon 100V 

1N914 Silicon 100V 
AA113 Germanium 60V 

OA47 Germanium 25V 

OA91 Germanium 115V 
1N4001 Silicon 50V 

1N5404 Silicon 400V 

BY127 Silicon 1250V 


field of application. Signal diodes require 
consistent forward characteristics with 
low forward voltage drop. Rectifier 
diodes need to be able to cope with high 
values of reverse voltage and large values 
of forward current, consistency of char- 
acteristics is of secondary importance in 
such applications. Table 4.8 summarizes 
the characteristics of some common 
semiconductor diodes. 

Semiconductor diodes are also available 
connected in a bridge configuration for use 
as a rectifier in an AC power supply. Photo 
4.1 shows a selection of various diode types 
whilst Fig.4.11 shows the symbols used to 
represent them in circuit schematics. 


Zener Diodes 

Zener diodes are heavily doped silicon 
diodes that, unlike normal diodes, exhib- 
it an abrupt reverse breakdown at rela- 
tively low voltages (typically less than 
6V). A similar effect (avalanche) occurs 
in less heavily doped diodes. These 
avalanche diodes also exhibit a rapid 
breakdown with negligible current flow- 
ing below the avalanche voltage and a 
relatively large current flowing once the 


Table 4.8. A Selection of Diode Types 


Max forward Max reverse Application 

current current 

75mA 25nA General purpose 
75mA 25nA General purpose 
10mA 200UA RF detector 

110mA 100uA Signal detector 
50mA 275UA General purpose 

1A 10uA Low voltage rectifier 
3A 10UA High voltage rectifier 
1A 10UA High voltage rectifier 


Table 4.9. Typical Zener Diode Characteristics 


Zener voltages range from 2-7V to 15V (voltages are quoted from S5mA 


Medium-powered glass-encapsulated diodes rated at 1-3W and offering 


High-power diodes in stud mounting encapsulation. Rated at 20W for 
ambient temperatures up to 75°C, Zener voltages range from 9-1V to 75V 


Plastic encapsulated diodes rated at SW. Zener voltages range from 3-3V 


Zener Description and rating 
series 
BZY88 Miniature glass encapsulated diodes rated at 5|00mW (at 25°C). 
series 
reverse current at 25°C) 
BZX6l1 Encapsulated alloy junction rated at 1-3W (25°C ambient). 
series Zener voltages range from 7-5V to 72V 
BZX85 
series Zener voltages in the range 5-1V to 62V 
BZY93 
series 
1N5333 
series to 24V 


avalanche voltage has been reached. 

For avalanche diodes, this breakdown 
voltage usually occurs at voltages above 
6V. In practice, however, both types of 
diode are referred to as Zener diodes. The 
symbol for a Zener diode is shown in 
Fig.4.11 whilst typical Zener diode charac- 

teristics are shown 


tional diodes, it can be extremely useful in 
the case of Zener diodes where the break- 
down voltage is precisely known. When a 
diode is undergoing reverse breakdown, 
and provided its maximum ratings are not 
exceeded, the voltage appearing across it 
will remain substantially constant (equal 
to the nominal Zener voltage) regardless 


in Fig.4.12. of the current flowing. This property 
Whereas reverse makes the Zener diode ideal for use as a 
k k k : 
breakdown is a voltage regulator. 

9 highly undesirable Zener diodes are available in various 
effect in circuits families (according to their general 
that use conven- characteristics, encapsulations and 

a a 4a Forward current (mA) 
(a) Signal or rectifier diode (b) Zener diode (c) Silicon controled rectifier 
(thyristor) 
+ 
mtt 
9 
mi2 
e {e) Triac 
(¢) Bridge rectifier 
k k k 
a a a 
Light emitting diode Photodiode (h) Varactor diode ~40 
ow - Reverse current (mA) 


Fig.4.11. Diode symbols 


Fig.4.12. Typical Zener diode characteristic 
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power ratings) with reverse breakdown 
(Zener) voltages in the range 2-4V to 
91V. Table 4.9 summarizes the charac- 
teristics of common Zener diodes. 


Example 4.2 
The characteristic of a Zener diode is 
shown in Fig.4.13. Determine: 


(a) the current flowing in the diode when 
a reverse voltage of 15V is applied 


(b) the voltage dropped across the diode 
when a reverse current of SmA is flow- 
ing in it 


(c) the voltage rating for the Zener diode 


(d) the power dissipated in the Zener 
diode when a reverse voltage of 15V 
appears across it. 


Results: 

(a) When V = -15V, I = -32-5mA 

(b) When I = -5mA, V = -13-75mA 

(c) The characteristic graph shows the 
onset of Zener action at 13V. This would 
suggest a Zener voltage rating of 13V. 
(d) Now P=I1x V from which P = (32-5 
x 103) x 15 = 0-488W = 488mW 


Check Point 4.5 


Zener diodes begin to conduct heavily 


when the applied voltage reaches a par- 
ticular threshold value (known as the 
Zener voltage). Zener diodes can thus be 
used to maintain a constant voltage. 


Silicon Controlled Rectifiers 
Silicon controlled rectifiers (or thyris- 
tors) are three-terminal devices which 
can be used for switching and AC power 
control. Silicon controlled rectifiers can 
switch very rapidly from a conducting to 
a non-conducting state. In the off state, 
the silicon controlled rectifier exhibits 


Table 4.10. Characteristics of several common silicon controlled rectifiers 


Type T (AV) Vrrm 
(A) (V) 
2N4444 5-1 600 
BT106 1 700 
BT152 13 600 
BTY79-400R 6-4 400 
TIC106D 3-2 400 
TIC126D 75 400 


negligible leakage current, while in the 
on state the device exhibits very low 
resistance. 

This results in very little power loss 
within the silicon controlled rectifier even 
when appreciable power levels are being 
controlled. 

Once switched into the conducting 
state, the silicon controlled rectifier will 
remain conducting (i.e. it is latched in 
the on state) until the forward current is 
removed from the device. In DC 
applications this necessitates the inter- 
ruption (or disconnection) of the supply 
before the device can be reset into its 
non-conducting state. 

Where the device is used with an 
alternating supply, the device will auto- 
matically become reset whenever the 
main supply reverses. The device can 
then be triggered on the next half-cycle 
having correct polarity to permit 
conduction. 

Like their conventional silicon diode 
counterparts, silicon controlled rectifiers 
have anode and cathode connections; 
control is applied by means of a gate ter- 
minal. The symbol for a silicon con- 
trolled rectifier was shown earlier in 
Fig.4.11. 

In normal use, a silicon controlled rec- 
tifier is triggered into the conducting 
(on) state by means of the application of 
a current pulse to the gate terminal (see 
Fig.4.14). The effective triggering of a 
silicon controlled rectifier requires a gate 
trigger pulse hav- 
ing a fast rise time 


Forward current (mA) 


derived from a 
low-resistance 
source. Triggering 
can become errat- 
ic when insuffi- 
cient gate current 
is available or if 
the gate current 
changes slowly. 


Table 4.10 sum- 
marizes the char- 


Vor Igr 
(V) (mA) 
15 30 
3-5 50 

1 32 

3 30 
1-2 0-2 
2:5 20 


acteristics of several common silicon con- 
trolled rectifiers. 


Check Point 4.6 


Silicon controlled rectifiers (SCR) are 
diodes that can be triggered into conduc- 


tion by applying a small current to their 
gate input. SCRs are able to control large 
voltages and currents from a relatively 
small (low-current, low-voltage) signal. 


Light Emitting Diodes 

Light emitting diodes (l.e.d.s) can be 
used as_ general-purpose indicators. 
Compared with conventional filament 
lamps they operate from significantly 
smaller voltages and currents. They are 
also very much more reliable than filament 
lamps. Most l.e.d.s will provide a reason- 
able level of light output when a forward 
current of as little as 10mA to 15mA is 
supplied. 

Light emitting diodes are available in 
various formats with the round types being 
most popular. Round |.e.d.s are commonly 
available in the 3mm and 5mm (0-2 inch) 
diameter plastic packages and also in a 
5mm x 2mm rectangular format. The view- 
ing angle for round l.e.d.s tends to be in the 
region of 20° to 40°, whereas for rectangu- 
lar types this is increased to around 100°. 

The symbol for an |.e.d. was shown ear- 
lier in Fig.4.11. Table 4.11 summarizes the 
characteristics of several common types of 
Le.d. 

In order to limit the forward current of 
an l.e.d. to an appropriate value, it is usual- 
ly necessary to include a fixed resistor in 
series with an l.e.d. indicator, as shown in 
Fig.4.15. The value of the resistor may be 
calculated from the formula: 


Fig.4.13. See Example 4.2 
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Fig.4.14. Triggering a silicon controlled rectifier 
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Table 4.11. Characteristics of Several Common Types of LED where V;, is the forward voltage drop pro- 
duced by the Le.d. and V is the applied 


Parameter Standard Standard High High volta: 
. 5 : ge. Note that, for most common l.e.d. 
LED LED efficiency intensity : : 
LED Vp is approximately 2V. 

Diameter (mm) 3 5 5 5 ; 
Max. forward 40 30 30 30 Check Point 4.7 
cusrent (a) Light emitting diodes produce light 
Typical forward 12 10 7 10 when a small current is applied to them. 
current (mA) They are generally smaller and more 

F reliable than conventional filament 
ae oil 21 2-0 1:8 2:2 lamps and can be used to form larger and 
voltage drop (V) more complex displays. 
Max. reverse voltage (V) 5 3 5 5 
Max. power 150 100 27 135 z 
dissipation (mW) Answers To Questions 


Peak wavelength (nm) 690 635 635 635 Q4.1 (a) Diode (JEDEC-coded) 
aaa eae (b) Silicon high-frequency 
low-power transistor (Pro- 


Electron coded) 
(c) MOSFET (JEDEC-coded) 
Question 4.2 ---- (d) Germanium low-power 
signal diode (Pro-Electron 
Q4.2. An le.d. is rated for operation V-V, coded) 


(e) Transistor (JEDEC-coded) 
(f) PNP high-frequency 
transistor (JIS-coded) 

‘ | V-=2V Q4.2 187, nearest preferred value 
‘“ is 180Q 


with a forward voltage of 2.2V and a for- 


ward current of 15mA. If the Le.d. is to 
operate from a 5V supply, what value of 
series resistor will be required and what 
is the nearest E12 resistor value? 


Fig.4.15. See Example 4.3 Example 4.3 


A simple l.e.d. indicator circuit is shown 
in Fig.4.15. Determine the value for R if 
the diode is to operate with a current of 


10mA and has a forward voltage drop of 
2V. 
ree | cm 
Using the formula, R= —T gives: 
Reo” sie =i 
10 x 103 
Next Month 
In Part 5, next month, we shall be intro- 
ducing magnetism, inductors and power 
supplies (for which we had no space this 


time). In the meantime you might like to 
see how you get on with our on-line quiz 
for Part 4. You will find this at: 


Photo 4.1. A Selection of diode types www.miketooley.info/teach-in/quiz4.htm. 


Visa E> S ElmScan 5 Scan Tool 


* Based on the ELM327 IC * Supported by more software than 
* 9600 or 38400 baud any other OBD interface, including 
* Supports all EOBD and OBD-II__ free and open source software 


protocols * Automatic protocol detection 
v ISO15765-4 (CAN) * Fully configurable with AT commands 
¥ ISO14230-4 (Keyword 2000) * Small form factor 
v 1SO9141-2 * Durable construction 
v [1850 VPW * Inexpensive 
¥ $1850 PWM 


http://www.ElmScan5.com 
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IMPROVING THE INPUT VOLTAGE SPAN FOR AN A/D CONVERTER 


x RECENT Interface articles the subjects 
of analogue-to-digital and digital-to-ana- 
logue conversion have been considered. 
The conversion process itself is clearly an 
important part of getting analogue signals 
into and out of a computer, but it is unreal- 
istic to expect the converter to exactly 
match your application. 

The output from a digital-to-analogue con- 
verter will usually require a certain amount 
of amplification before it will have the 
desired effect of driving an electric motor, 
controlling lights, or whatever. Similarly, 
the signal from a sensor will usually 
require a certain amount of amplification or 
attenuation in order to provide a voltage 
span that matches the input range of an ana- 
logue-to-digital converter. 


Step in the Right Direction 

In some applications it is not just a 
matter of providing amplification or 
attenuation. It can sometimes be neces- 
sary to provide a voltage offset. For 
example, suppose a supply voltage must 
be monitored, and that it will be within 
the range 10V to 12-5V. One way of 
tackling the problem is to have (say) an 
8-bit converter with a full scale value of 
12-75V. This gives a bit of “headroom” 
just in case the monitored voltage 
goes somewhat higher than its normal 
range, together with a resolution of 50 
millivolts (0-05V). 

This might be adequate, and this obvi- 
ously depends on the exact nature of the 
application. However, it is not really mak- 
ing very good use of the converter’s resolu- 
tion, and in practice it is likely that it would 
not give good enough results. 

In the range that is of interest (10V to 
12-5V) there are only 50 different levels 
covered by the converter, which compares 
to over 200 levels outside this range. The 
converter would effectively be reduced to 
about 5 or 6-bit operation. 

One potential advantage of this method is 
that it requires only the most simple of sig- 
nal processing. In fact it would probably 
require nothing more than a simple attenu- 
ator at the input of the converter. This 
makes it easy to ensure that the available 
accuracy is fully utilized. 


High Resolution 

Using a voltage offset in a situation of 
this type enables higher resolution to be 
obtained, with the converter being used at 
something close to its full 8-bit capability. 
Rather than attenuating the input voltage 
to match the range of the converter, a cer- 
tain number of volts would be deducted 
from the input voltage. 

Suppose the converter has an input volt- 
age range of OV to 2-55V. Using a circuit 
that reduces the input potential by ten 
volts would effectively give the converter 
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a range of 10V to 12-55V with a resolution 
of 10 millivolts (0-01V). It would fully 
cover the appropriate range of voltages, 
but with five times the resolution obtained 
using an attenuator. 

In this example the OV to 2-55V volt 
range of the converter conveniently 
matched the 2-5 volt difference between 
10V and 12-5V. Unfortunately, in prac- 
tice it is unlikely that such a neat match 
will occur very often. However, it is just 
a matter of using an amplifier or attenu- 
ator ahead of the converter in order to 
produce a suitable input voltage range. 
The circuit that provides the required 
reduction in voltage is then added ahead 
of this. 


Higher resolution could be obtained by 
first amplifying the output voltage of the 
converter by two. This would give a range 
of OV to 5-1V, which is a reasonable match 
for the five volt span from 10V to I5V. 
Boosting the output by 10 volts would give 
a final output range of 10V to 15-1V witha 
resolution of 0-02V. This represents a five- 
fold boost in the resolution. 


Fair Point 

It is only fair to point out that there is a 
potential problem in using level shifting 
with either type of converter. Unless it is 
done well there will be a useful increase in 
resolution, but with a consequent reduction 
in absolute accuracy. 


O +15V 


© OUT 


Ov 


-15¥ 


Fig.1. This circuit uses a summing mode mixer (IC2) to enable an offset voltage to 
be added to the output potential. Preset VR1 gives a range of just under 1V toa 
little over 10V. IC1 is a precision 5V voltage reference source 


Stepping Up 

Shifting the output voltage range of a 
digital-to-analogue converter can give 
more useful results, but in this context it 
is usually a boost in potential and not a 
reduction that is required. For example, a 
power supply having an output voltage in 
the range 10V to 15V might be required. 
With a converter having a OV to 2-55V 
output range it would be possible to cover 
the required range using a small amount 
of voltage amplification. Boosting the 
output potential by a factor of 10 for 
instance, would give an output voltage 
range of OV to 25-5V with a resolution of 
100 millivolts (0-1V). 

Once again, depending on the precise 
nature of the application, this may or may 
not be adequate. In either case it is not 
making very good use of the converter’s 
resolution. 


In other words, you could set the output 
of (say) a power supply unit in very fine 
steps, but the error in the output voltage 
could be relatively large. The circuit that 
provides the offset must be stable, and it 
must be set up precisely so that good 
absolute accuracy is obtained. 

The simplest way of providing an offset 
voltage is to make use of the offset-null 
facility that is a feature of practically all 
single operational amplifier (op.amp) 
chips. There is a potential problem with 
this method in that this facility is really 
intended to enable small offset errors to be 
trimmed out. It might not be possible to 
introduce suitably large offset voltages 
using this method, and the stability of the 
circuit could be inadequate. It might work 
well with some operational amplifiers and 
where only a small offset is required, but 
good results are far from guaranteed. 
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Mixing It 

Operational amplifiers can be used in 
various permutations to provide a shift up 
or down in voltage. The circuit diagram 
shown in Fig.l provides a simple but 
effective way of proving an upward offset 
in the output voltage. It is essentially just 
two inverting mode op.amps used in 
series. 

The closed loop voltage gain of IC2 is set 
at unity by negative feedback loop (R1 and 
R5). The same is true of IC3, which has R6 
and R8 as the negative feedback resistors. 
The inversion through IC2 is counteracted 
by the inversion through IC3, so that the 
overall action of the circuit is that of a sim- 
ple non-inverting buffer stage that has unity 
voltage gain. 

The offset in the output voltage is 
obtained by using IC2 as a summing mode 
mixer circuit, and it is effectively a DC ver- 
sion of the circuit that is often used as the 
basis of audio mixers. A slight problem 
with a summing mode mixer stage is that it 
provides an inversion, and it is for this rea- 
son that the second inverting amplifier is 
included. 

The second input resistance of the mixer 
is provided by the series resistance of R3 
and preset VR1. There is unity voltage gain 
with VR1I adjusted for a total resistance of 
10 kilohms, and the output will be offset by 
an amount equal to the potential fed to this 
input of the mixer. 


Fig.2. Trimming the closed loop gain of 
IC3 enables the circuit to be adjusted 
for optimum accuracy. Presets VR1 
and VR2 must be high quality multiturn 
components 


The voltage fed to this input of the mixer 
is provided by a precision 5V reference 
source based on IC1. This is used in a sim- 
ple shunt regulator circuit that has resistor 
R2 as its load resistor. 

Since the twin supplies of the circuit will 
usually be obtained via good quality regu- 
lators, the use of a further regulator might 
seem superfluous. In practice it is unlikely 
that an ordinary stabilised supply would 
provide sufficiently accurate results. There 
could be small but significant changes in 
the supply voltage due to changes in load- 
ing and temperature variations. A precision 
voltage regulator avoids these problems 
and ensures that accurate results are always 
obtained. 

With preset VR1 set for unity voltage 
gain there will be an offset of +5V at the 


1C2.3 = 741C 


Oo +15V 


0 OUT 


-15V 


Fig.3. The circuit of Fig.1 is easily modified to produce a downwards shift in the out- 
put voltage. As before, a shift of around 1V to 10V can be achieved 


output of the circuit. Setting VR1 higher in 
value gives lower voltage gain and reduces 
the offset. The minimum available offset is 
a little under one volt, but using a higher 
value for VR1I would enable lower offsets 
to be obtained. 

Taking VR1 lower in value produces a 
small amount of voltage gain and increases 
the output voltage. The maximum offset 
that can be achieved is just over 10V, which 
is the maximum practical amount with 15V 
supplies. 


Accuracy 

As there are no significant voltage gains 
involved in this design, humble 741C oper- 
ational amplifiers will work quite well. For 
optimum accuracy though, a precision 
op.amp should be used. 

Some of these devices are very expen- 
sive and a bit “over the top” for the 
present application. A device such as the 
OP177GP is reasonably inexpensive and 
is more than adequate for use in this 
circuit. In some cases it could be neces- 
sary to opt for fast acting op.amps, but a 
typical op.amp is faster than most 
low-cost analogue-to-digital and digital- 
to-analogue converters. 

The accuracy of the circuit is dependent 
on resistors R1, R5, R6, and R8 having 
very close tolerances. Even using compo- 
nents with a one-percent tolerance rating it 
is likely that the accuracy of the circuit 
would be compromised. With an 8-bit con- 
verter it would be preferable to have a tol- 
erance rating of just 0-1 percent. Such com- 
ponents are made, but are expensive and 
difficult to obtain. 

A more practical solution is to incor- 
porate a preset gain control in one of the 
feedback circuits so that the voltage gain 
of the circuit can be trimmed to precise- 
ly the required level. One way of achiev- 
ing this is shown in Fig.2. Here preset 
VR2, wired as a variable resistor, has 
been added in the negative feedback 
circuit of IC3. 

Resistor R8 has been reduced slightly in 
value and VR2 has been added in series 
with this component. The closed loop volt- 
age gain of the circuit is slightly more than 
unity with VR2 at maximum values and a 
little under unity when it is at minimum 
value. 
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Adding a preset gain control slightly 
complicates the setting up procedure for the 
circuit. Without this control it is just a mat- 
ter of setting the output of the converter at 
zero and adjusting VR1 for the required 
offset voltage at the output of the circuit. 

The setting up procedure starts in the 
same way if the gain control is included, 
with VR2 initially at a middle setting. 
The output of the converter is then set at 
maximum and VR2 is adjusted for the 
correct maximum output potential. This 
procedure is then repeated several times 
until no further adjustment of VR1 or 
VR2 is required. 

For optimum stability the presets 
should be good quality types such as mul- 
titurn “trimpots”. Using “bog standard” 
presets it could be difficult to make the 
adjustments with adequate accuracy, and 
there could be problems with drift over a 
period of time. 


Downsizing 

The circuit of Fig.1 is easily modified to 
provide a downwards shift in the output 
voltage. One way of achieving this is 
shown in the circuit diagram of Fig.3, 
where it is IC3 rather than [C2 that is used 
as the summing mode mixer. 

The circuit operates much as before, 
but in this case the signal from the volt- 
age reference is not re-inverted to pro- 
duce a positive shift at the output. 
Instead, the output voltage of the circuit 
is shifted downwards by an amount that 
is controlled by preset VR1. As before, 
the shift can be varied from less than one 
volt to just over 10 volts. 

Both the circuits featured here require 
dual balanced 15V supplies, and the cur- 
rent consumption will only be about 
7mA. Bear in mind that the outputs of 
these circuits can go negative as well as 
positive. This could be an advantage in 
some applications and with some con- 
verters. However, in most cases when 
using one of these circuits with an 
analogue-to-digital converter it will be 
necessary to ensure that the input of the 
converter is protected against potentials 
of the wrong polarity. 


Next time some more signal processing 
will be considered, together with a practical 
circuit. 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


ELECTRONICS PROJECTS 


Logic Probe testing 


Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 


ELECTRONIC CIRCUITS & COMPONENTS V2.0 


_— — - sss 


Circuit simulation screen 


Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 

Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 


ANALOGUE ELECTRONICS 


Complimentary output stage 


Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


DIGITAL ELECTRONICS V2.0 


Filter synthesis 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


ANALOGUE FILTERS 


Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain 
how filters are designed. It is split into five chapters: Revision which provides 
underpinning knowledge required for those who need to design filters. Filter 
Basics which is a course in terminology and filter characterization, important 
classes of filter, filter order, filter impedance and impedance matching, and effects 
of different filter types. Advanced Theory which covers the use of filter tables, 
mathematics behind filter design, and an explanation of the design of active 
filters. Passive Filter Design which includes an expert system and filter 
synthesis tool for the design of low-pass, high-pass, band-pass, and band-stop 
Bessel, Butterworth and Chebyshev ladder filters. Active Filter Design which 
includes an expert system and filter synthesis tool for the design of low-pass, 
high-pass, band-pass, and band-stop Bessel, Butterworth and Chebyshev 


ELECTRONICS 
CAD PACK 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case study of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
@ Interactive Virtual Laboratories 
®@ Little previous knowledge required 
® Mathematics is kept to a minimum and 
all calculations are explained 
® Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 


(Order form on third page) 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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Hobbyist/Student ...........::ccssseersseseseeessersnessens £45 inc VAT 
Institutional (Schools/HE/FE/Industry)...........++. £99 plus VAT 
Institutional 10 user (Network Licence).......... £249 plus VAT 
Site LICCNCE..........cecceeeeeeseeeeeeeneeeeseeeeneeeeseeeneeeeeees £499 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
DEVELOPMENT BOARD 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn 
both how to program PlICmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices from the 
12, 16 and 18 series PlCmicro ranges. For experienced 
programmers all programming software is included in the 
PPP utility that comes with the development board. For 
those who want to learn, choose one or all of the packages 


below to use with the Development Board. 


@ Makes it easier to develop PlCmicro projects 

® Supports low cost Flash-programmable PlCmicro devices 

@ Fully featured integrated displays — 16 individual I.e.d.s, 
quad 7-segment display and alphanumeric I.c.d. display 

® Supports PlCmicro microcontrollers with A/D converters 

® Fully protected expansion bus for project work 


® USB programmable 


® Can be powered by USB (no power supply required) 


HARDWARE 


supplied with USB cable and 
programming software 


SOFTWARE 


Suitable for use with the Development Board shown above. 


ASSEMBLY FOR P!iCmicro V3 
(Formerly PiCtutor) 


Assembly for PICmicro microcontrollers V3.0 
(previously known as PlICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PiCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro  micro- 
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PlCmicro MCU as each instruction is 
executed which enhances understanding. 

® Comprehensive instruction through 45 
tutorial sections ®@ Includes Vlab, a Virtual 
PiCmicro microcontroller: a fully functioning 
simulator ® Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications ® Includes MPLAB assembler 
® Visual representation of a PlCmicro 
showing architecture and functions @ 
Expert system for code entry helps first time 
users ® Shows data flow and fetch execute 
cycle and has challenges (washing 


machine, lift, crossroads etc.) e Imports 
MPASM files. 


‘C’ FOR PiCmicro 
VERSION 2 


The C for PlCmicro microcontrollers CD- 
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 

Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD- 
ROM will provide a good grounding in C 
programming for any microcontroller. 

® Complete course in C as well as C 
programming for PICmicro microcontrollers 
®@ Highly interactive course ®@ Virtual C 
PlCmicro improves understanding ®@ 
Includes a C compiler for a wide range of 
PiCmicro devices ® Includes full Integrated 
Development Environment ® Includes 
MPLAB software ® Compatible with most 
PlCmicro programmers ® Includes a 
compiler for all the PlICmicro devices. 


bedee deesseee 


=e 


—— 
weomr +B ~- 


Minimum system requirements for these 
items: Pentium PC running Windows 98, 
NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space. 


FLOWCODE FOR PiCmicro V2 


Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on_ flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 

Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and l.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 

Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 

® Requires no programming experience 

®@ Allows complex PlCmicro applications to 
be designed quickly ® Uses international 
standard flow chart symbols (ISO5807) @ 
Full on-screen simulation allows debugging 
and speeds up the development process 
® Facilitates learning via a full suite of 
demonstration tutorials ® Produces ASM 
code for a range of 18, 28 and 40-pin 
devices ® Professional versions include 
virtual systems (burglar alarm, buggy and 
maze, plus RS232, IrDa etc.). 
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Prices for each of the CD-ROMs above are: | Flowcode Professional m 23 plus vat 
nstitutional/Professiona user (Network Licence 3 lus 
(Order form on next page) Site Licence : , £599 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE 


EPE’s own Teach-In CD-ROM, contains 
the full 12-part Teach-In 2000 series by 
John Becker in PDF form plus the Teach- 
In interactive software (Win 95, 98, ME 
and above) covering all aspects of the 
series. We have also added Alan 
Winstanley’s highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. The 
Teach-In series covers: Colour Codes and 
Resistors, Capacitors, Potentiometers, 
Sensor Resistors, Ohm’s Law, Diodes 
and L.E.D.s, Waveforms, Frequency and 
Time, Logic Gates, Binary and Hex Logic, 
Op.amps, Comparators, Mixers, Audio 
and Sensor Amplifiers, Transistors, 
Transformers and Rectifiers, Voltage 
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue. 
Each part has an associated practical section and the series includes a simple PC 
interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with the 
various circuits. 

A hands-on approach to electronics with numerous breadboard circuits to try out. 


£12.45 including VAT and postage. Requires Adobe Acrobat (available free from the 
Internet - www.adobe.com/acrobat). 


FREE WITH EACH TEACH-IN CD-ROM — Understanding Active Components booklet, 
Indentifying Electronic Components booklet and The Best Of Circuit Surgery CDROM. 


FREE TWO 
BOOKLETS 
PLUS CD-ROM 
WITH 
TEACH-IN 
2000 


Sine wave relationship values 


PROJECT DESIGN WITH CROCODILE TECHNOLOGY 
An Interactive Guide to Circuit Design 


An interactive CD-ROM to guide you through the process of circuit design. Choose from an extensive range of input, 
process and output modules, including CMOS Logic, Op-Amps, PIC/PICAXE, Remote Control 

Modules (IR and Radio), Transistors, Thyristors, Relays and much more. 

Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams. 

Nearly all the circuits can be instantly simulated in Crocodile Technology* (not Poa 
included on the CD-ROM) and you can customise the designs as required. 222 4242= 


WHAT’S INCLUDED 
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment Displays. 
Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams. 
Runs in Microsoft Internet Explorer 
*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be 
downloaded from: www.crocodile-clips.com. Animated diagrams run without Crocodile Technology. 
Single User £39.00 inc. VAT. 
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT. 
(UK and EU customers add VAT at 17-5% to “plus VAT” prices) 


DIGITAL WORKS 3.0 


Counter 
project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability @ Software 
for simulating digital logic circuits @Create 
your own macros — highly scalable Create 
your own circuits, components, and i.c.s 
®@Easy-to-use digital interface @Animation 
brings circuits to life @Vast library of logic 
macros and 74 series i.c.s with data sheets 
Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £249 plus VAT. 

Site Licence £599 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality selection of over 200 JPG 
images of electronic 


components. This 

selection of high Es 
resolution photos can be 

used to enhance Cae ee || 
projects and 

ne Cs to help 
with training an mm | 
edioational rraterial bail _ 

They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions — see licence for 
full details). 

Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 — Paint Shop Pro image 
editing tips and on-line help included! 


Price £19.95 inc. vaT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 


Please sendme: (CD-ROM ORDER FORM 


Electronic Projects 

Electronic Circuits & Components V2.0 

Analogue Electronics Version required: 

Digital Electronics V2.0 CL] Hobbyist/Student 

Analogue Filters L] Institutional 

Electronics CAD Pack L] Institutional/Professional 10 user 
L 


Robotics & Mechatronics Site licence 
Assembly for PICmicro V3 

‘C’ for PilCmicro V2 

Flowcode V2 for PICmicro 

Digital Works 3.0 
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PiCmicro Development Board V3 (hardware) 


Teach-In 2000 + FREE BOOK 

Electronic Components Photos 

Project Design — Single User _ 
Project Design — Multiple User (under 500 students) veneated eked po asia 
Project Design — Multiple User (over 500 students) Me Same, ON We oenee oC ee vale: 


OOOOO OF OOOOOOOoooo 


CO | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
CO Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £ 


Valid. FrOM!. fe.dc.32 cede ea eas al Card expiry dates: ci sicssdie dain sau. eteas ta eee a 
GardiNo® : was die ne there at hens en Sie dies Shae Oe eared aah Switch Issue No. ......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 
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ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard Version 
price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 
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By THOMAS SCARBOROUGH 


Want a flashy piece of jewellery for the love of your life on Saint 
Valentine’s Day? Then build the “JAZZY HEART”, an eye-catching 
LED flasher in the shape of a heart. It could be worn as a brooch or 
as a pendant. 


ERE’S A PIECE OF JEWELLERY that you can 

be sure is unique. Go to a party and you will 
know that nobody else will be wearing something 
like the Jazzy Heart. 

It’s a heart-shaped LED flasher using two ICs and 
eight different-coloured high brightness LEDs. It is 
powered by a 12V miniature battery and turned on 
and off by a tilt switch. 

The Jazzy Heart randomly flashes eight LEDs 
using just two common CMOS ICs. The LEDs are 
arranged around the perimeter of a red plastic 
“heart” template (or for Christmas, a green plastic 
“Christmas tree” template) to pulse eight water- 
clear LEDs. 

A special feature of the design is that all colour 
LEDs (red, green, blue, etc) may be used in all eight 
positions provided on the PC board while using 
just a single current-limiting resistor. 

The Jazzy Heart really is jazzy. It needs to be seen 
to be appreciated — preferably associated with a fast 
disco beat to accompany it! 

All eight LEDs essentially flash at random — but 
for fractions of a second, discernible patterns 
emerge. The LEDs may briefly whirl clockwise or 
anticlockwise, or bounce to and fro, sparkling in 
their water-clear encapsulations. 


Circuit description 
In concept, the circuit is very simple. At its heart 
lies a CMOS 4051 8-channel analogue multiplexer. 
This can be thought of a single-pole, 8-position 
switch, with the important difference that the 4051 
allows random access to each of the eight switch 
positions. 
ie F This means that it does not need to sequence 
* aaa * a through each of the eight positions as a normal 


. 
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Fig.1: the beauty of the circuit is its simplicity, which means it can be made nice and small for an eye-catching display! 


switch would do but has the ability 
to jump randomly from one position 
to the next. 

Pin 3 is the centre or common pole of 
the switch, which is connected to any giv- 
en switch position (numbered 0 to 7). 

This is done by means of a three-bit 
binary number (or “word”) which is 
presented to three “select” terminals 
(pins 9 to 11). The “select” terminals 
accept binary numbers from 000 to 111 
and decode them to the eight separate 
switch positions. 


Since only one 3-digit word can 
be entered at a time, only one of the 
output terminals can go “high” at any 
time. 

Each of the “select” terminals is fed 
separately by an oscillator running at 
about 5Hz. This means that each bi- 
nary digit alternates between a binary 
0 and 1 — independently of the other 
two binary digits. 

Thus a practically random 3-digit 
binary word is generated, with the 
LEDs dancing more or less at random 


The two versions of the 

Jazzy Heart — electronically 
they’re the same but the one 
on the right is meant for the 
Festive Season. All it takes is 
a change of cover (see inset 
below). With just a bit more 
judicious trimming, it could 
also be made into a Shamrock 
for St Patrick’s Day. 
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across switch positions 0 to 7, with 
fleeting patterns emerging. 

Since pin 3, the centre or common 
pole in this circuit, is connected to 
OV, each of the switch positions goes 
“low” when connected. Therefore the 
anodes of all the LEDs are connected 
to +12V, through a common 1kQ cur- 
rent-limiting resistor. 

Note that when a switch position 
is not connected to the common pole, 
the corresponding LED is discon- 
nected from the power supply. This 
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Parts List — Jazzy Heart 


1 heart-shaped PC board, 63mm x 60mm, code 554, available from the 


EPE PCB Service 
1 miniature tilt switch 


4 10uF 16V electrolytic capacitors (or tantalums) 

2 8mm crimp terminals for battery holder “end brackets” 

1 round head (No.2) paper fastener for battery holder negative terminal 
1 red plastic sheet for Jazzy Heart fascia, 65mm x 65mm 

1 green plastic sheet for Jazzy Christmas Tree fascia, 65mm x 65mm 

1 5mm drill bit to drill plastic fascias (if required) 

1 MN21, 23A or equivalent 12V (alkaline) battery 

1 suitable length of flexible wire or fishing line for “necklace” 


Semiconductors 
1 40106B hex Schmitt trigger (IC1) 


1 4051B single 8-channel multiplexer (IC2) 


1 1N4148 signal diode 


2 5mm ultra-bright red water-clear LEDs 

2 5mm ultra-bright yellow water-clear LEDs 
2 5mm ultra-bright green water-clear LEDs 
2 5mm ultra-bright blue water-clear LEDs 


Resistors (0.25W 1%) 
1 22kQ 
1 15kQ 
1 10kQ 
1 1kQ 


is in contrast with the 4028 CMOS 
IC, a BCD-to-decimal decoder, which 
serves a very similar function in digital 
circuits, but whose output terminals 
will only go “high” or “low”. 

Had a 4028 IC been used, the re- 
verse voltage across the LEDs would 
then have been 12V, which exceeds 
the rating (of typical LEDs). While 
the supply voltage could have been 
reduced to overcome this, the design 
could not then have accommodated 
all colour LEDs. 

Each of the three oscillators, based 
on a Schmitt NAND gate, is very 
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4-Band Code (1%) 
red red orange brown 
brown green orange brown brown green black red brown 
brown black orange brown brown black black red brown 
brown black red brown 


5-Band Code (1%) 
red red black red brown 


brown black black brown brown 


simple, requiring only one resistor 
and one capacitor. For the purpose 
of preventing “frequency lock” (the 
tendency of oscillators to “lock on” 
to one another in close proximity), the 
values of the capacitors are relatively 
large (10uF). 

A10uF supply decoupling capacitor 
is included for “good practice”, al- 
though this is not strictly necessary. 

Fora less jazzy (that is, more sedate) 
display, increase the values of the 
capacitors, and vice versa. 

Due to the relatively high supply 
voltage (12V), and since only one LED 


Fig.2: here’s the PC 
board layout and 

a near-same-size 
photograph. Between 
the two of them, 

you should have no 
assembly problems! 


is flashed at a time, a single current- 
limiting resistor can be used for all 
eight LEDs combined, thus simplifying 
and compressing the circuit. 

While it would be possible to use 
four or eight resistors, thus perfectly 
matching them to each colour LED, 
this would considerably increase the 
component count, and is not necessary 
in practice. 

The result is an exceedingly compact 
circuit, using just over one component 
for each randomly flashing LED. Do 
note, however, that when selecting 
LEDs, the luminous intensity should 
be roughly the same - or test first with 
12V and a 1kQ ballast resistor. 

A miniature 12V battery is used (an 
MN21 or 23A or similar) and a1N4148 
diode is employed for reverse polar- 
ity protection. The reason why the 
diode is inserted in the OV rail here is 
simply because this suits the circuit 
layout best. 


Tilt switch 

A tilt switch was chosen to switch 
off the circuit, partly because a stand- 
ard switch (even a miniature one) 
would have taken up considerably 
more space on the PC board. 

With the tilt switch as shown, the 
circuit is switched off as soon as the 
PC board is laid flat or turned upside- 
down. The inhibit pin (pin 6) of the 
4051 CMOS IC is tied “low”. When 
this pin is taken “high”, all switch 
positions are disabled. 

Finally, a question that is commonly 
asked about the 4051 is what purpose 
pin 7 (Vg, or A/D) serves. When this 
terminal is tied “low”, the IC will 
handle digital signals, as it does in the 
present circuit. 
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Fig.3: same-size templates for either the Jazzy Heart 


or the Christmas Tree. 


On the other hand, when analogue 
signals need to be routed through the 
IC, this pin would normally be con- 
nected to the lowest voltage level in 
the circuit. So, for instance, pins 16 
and 7 could be connected to +6V and 
-6V respectively, while pin 8 could 
be connected to OV. Thus analogue 
voltages of up to 12V could be handled 
with 6V digital control signals. 


Assembly 


The Jazzy Heart design is built on 
a single PC board measuring 63mm x 
60mm, and this is further cut and filed 
to shape as shown. 

To begin, the battery holder is 
constructed of two round 8mm crimp 
terminals which are inserted into the 
holes provided on the PC board. In the 
prototype, a brass round head (No.2) 
paper fastener was inserted into one 
of the crimp terminals and soldered 
into place, to accommodate the nega- 
tive terminal of the battery. 

Next, the resistors and capacitors 
are soldered to the PC board, as well 
as the 1N4148 diode and tilt switch 
S1. Be careful with the polarity of the 
capacitors and the diode. 

Note that the tilt switch may need 
its legs to be raised a little, so that it 
is “off” when the circuit is laid on its 
back. 

Then solder the two ICs, observing 
anti-static precautions (most impor- 
tantly, touch your body to earth imme- 


diately before handling). Be quick 
with the soldering iron, so as not to 
damage the ICs. Alternatively, use 
dual-in-line (DIL) sockets. 

The CD40106BCN IC is recom- 
mended for the oscillator section 
— other makes of the same IC may 
affect the “speed” of the Jazzy 
Heart. If other types are used, the 
capacitor values may need to be 
changed (probably reduced). 

Solder the eight LEDs into place, 
noting their correct orientation (the 
“flat” on the encapsulation is the 
cathode). These LEDs are given 
fairly long legs, such that a “heart” 
or a “Christmas tree” template can 
be slipped over them after soldering. 
Thus they will just stand proud of the 
other components on the PC board. 

Some ultra-bright LEDs are static 
sensitive, and anti-static precautions 
may need to be observed. 

Finally, you may wish to attach a 
“necklace”, which may be made from 
a flexible length of wire or fishing line 
inserted through the holes provided 
on the PC board and held with a knot 
at each hole. 

Then fit the battery into its holder, 
taking care to insert it the correct way 
round. The Jazzy Heart should “fire 
up” as soon as it is vertical. When laid 
flat, it will “go to sleep”. 

Since the circuit draws a current of 
about 10mA, and the capacity of the 
specified battery is typically 33mAh, 


Everyday Practical Electronics, February 2006 


Reproduced by arrangement with 
SILICON CHIP magazine 2006. 
www.siliconchip.com.au 


Fig.4: this is the full-size PC board 
artwork. All of the “stripey” bits are 
trimmed off. 


the Jazzy Heart should flash for three 
hours or more continuously before the 
battery is exhausted. 

These 12V batteries can be expen- 
sive but we have found a very cheap 
source to be at bargain stores and 
markets, where you can often pick up a 
pack of two or three “no name” Asian 
imports cheaply. 

If a “Christmas tree” template is 
used, the circuit will of course be 
positioned “upside-down”. 

In this case, the position of the 
tilt switch will need to be adjusted 
accordingly, so that the Christmas 
tree is “on” when it is stood up 
vertically. EPE 
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ELECTRONICS MANUALS ON CD-ROM £29.95 EACH 


ELECTRONICS SERVICE MANUAL 


ELECTRONICS 
SERVICE MANUAL 


I 
A practical reference mansiat on 
electronics servicing techniques 


Everything you need to know to get 
started in repairing electronic equipment 


e Around 900 pages @ Fundamental principles @ Troubleshooting 
techniques @ Servicing techniques @ Choosing and using test 
equipment e Reference data e Manufacturers’ web links 

e Easy-to-use Adobe Acrobat format @ Clear and simple layout 
e Vital safety precautions e Professionally written e Supplements 


SAFETY: Safety Regulations, Electrical Safety and First Aid. 
UNDERPINNING KNOWLEDGE: Electrical and Electronic Principles, 
Active and Passive Components, Circuit Diagrams, Circuit 
Measurements, Radio, Computers, Valves and Manufacturers’ Data, 
etc. PRACTICAL SKILLS: Learn how to identify Electronic 
Components, Avoid Static Hazards, Carry Out Soldering and Wiring, 
Remove and Replace Components. TEST EQUIPMENT: How to 
Choose and Use Test Equipment, Assemble a Toolkit, Set Up a 
Workshop, and Get the Most from Your Multimeter and Oscilloscope, 
etc. SERVICING TECHNIQUES: The Manual includes vital guidelines 
on how to Service Audio Amplifiers. The Supplements include similar 
guidelines for Radio Receivers, TV Receivers, Cassette Recorders, 
Video Recorders, Personal Computers, etc. TECHNICAL NOTES: 
Commencing with the IBM PC, this section and the Supplements deal 
with a very wide range of specific types of equipment — radios, TVs, 
cassette recorders, amplifiers, video recorders etc. REFERENCE 
DATA: Diodes, Small-Signal Transistors, Power Transistors, Thyristors, 
Triacs and Field Effect Transistors. Supplements include Operational 
Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 


7 SPECIAL 
OFFER 


Order both Manuals 
together and 


SAVE £10 


THE MODERN ELECTRONICS MANUAL 


The Modern Wy 
Electronics Manual 


The essential reference work for 
everyone studying electronics 


© Over 800 pages e In-depth theory e Projects to build @ 
Detailed assembly instructions @ Full components 
checklists @ Extensive data tables ¢ Manufacturers’ web 
links @ Easy-to-use Adobe Acrobat format @ Clear and 
simple layout e Comprehensive subject range e 
Professionally written ¢ Supplements 

BASIC PRINCIPLES: Electronic Components and their 
Characteristics; Circuits Using Passive Components; 
Power Supplies; The Amateur Electronics Workshop; The 
Uses of Semiconductors; Digital Electronics; Operational 
Amplifiers; Introduction to Physics, including practical 
experiments; Semiconductors and Digital Instruments. 
CIRCUITS TO BUILD: The Base Manual describes 12 
projects including a Theremin and a Simple TENS 
Unit. 

ESSENTIAL DATA: Extensive tables on diodes, 
transistors, thyristors and triacs, digital and linear i.c.s. 
EXTENSIVE GLOSSARY: Should you come across a 
technical word, phrase or abbreviation you’re not familiar 
with, simply look up the glossary and you'll find a 
comprehensive definition in plain English. 

The Manual also covers Safety and provides web links 
to component and equipment Manufacturers and 
Suppliers. 


Full contents list available online at: www.epemag.wimborne.co.uk 


SUPPLEMENTS: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of 


electronics are available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you. 


Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the CD-ROM. 
Wimborne Publishing Ltd., 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 


ose 


l PLEASE send me a. | L oD | l 
I THE MODERN ELECTRONICS MANUAL CD-ROM ‘ ORDER FORM I 
ELECTRONICS SERVICE MANUAL CD-ROM ane i aaa si salts oo 
zi orm with your payment to the 
l | enclose payment of £29.95 (for one Manual) or £49.90 for both Manuals (saving £10 by following address: Il 
ordering both together). ; 7a 
I Wimborne Publishing Ltd, I 
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I We will happily exchange any faulty Il 
I SIGNATURE 3h spd otis tte eaeodvhy eee Ohta Re cea ea ase sea CD-ROMs but since the content can be printed I 
| | enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. out we do not offer a refund on these lems. | 
Please charge my Visa/Mastercard/Amex/Diners Club/Switch/Maestro Your CD-ROM(s) will be 
|. Card NG: 2284000 Awana aecatiwwet via Switch/Maestro Issue No ...... posted to yo) by first class | 
I mail or airmail, normally I 
J Valid From ............. Expiry Date............... within four working days of I 
I card Security Code............ (The last 3 digits on or just under the signature strip) receipt of your order I 
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WIN AN ATLAS LCR ANALYSER 
WORTH £79 


An Atlas LCR Passive Component 


READOUT 


Email: john.becker @ wimborne.co.uk 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 

All letters quoted here have previously been replied to directly. 


Analyser, kindly donated by Peak Electronic 
Design Ltd., will be awarded to the author 
of the Letter Of The Month each month. 


The Atlas LCR automatically measures 
inductance from 1uH to 10H, capacitance 
from 1pF to 10,000uF and resistance from 

1Q to 2MQ with a basic accuracy of 1%. 

www.peakelec.co.uk 


%& LETTER OF THE MONTH * 


Soldering Iron Bits 


Dear EPE, 

I don’t know whether I’m being stu- 
pid, but I’ve got a bit of a mystery with 
soldering. After many years of faithful 
service, the tip on my Antex XS25 sol- 
dering iron broke off. I filed it to a rea- 
sonable shape, but invested in a new 
tip, which I’ve been using. 

Strangely it won’t “tin”. I wondered 
if there was some layer of something 
on it, or whether I’m so out of the ark 
that tips have been like this for years, 
or I’ve got a duff tip, or whether it is 
something to do with the new solder 
regulations. I’m still using lead-based 
solder, as I have enough to last me until 
I go to meet the great PIC expert in the 
sky. I have to say it is a bit weird trying 
to solder with an iron that doesn’t tin — 
in fact I made a poor job of what I was 
doing. 

Any ideas? If it is because of the sol- 
der regulations then it might be worth a 
brief mention in EPE .. . and then I 
must either find an “old” soldering 
iron, or transfer to the new solder. 

Richard Hinckley, via email 


I'd had the same problem with sol- 
dering for some time, blaming the new 
tips I'd got and emailed Richard to say 
so and that I’d drawn the same conclu- 
sion as he — down to the pending new 
regs. I hate the tips, and keep resorting 
to using the file on them! I suspect the 
new ones are steel-based, rather than 
copper. Richard came back: 


On close inspection mine looks like 
steel rather than copper. Best solution 
for both of us is if we could find a sup- 
plier of copper tips for our respective 
irons. 


So I asked readers on our Chat Zone 
(via www.epemag.co.uk) if they had 
any comments. Several were forthcom- 
ing (mostly, their names are their 
“usernames” quoted on the site). 
Barry started off by offering to sell a 
number of Antex bits from 25 years 
ago. Then: 


Thomass: I have had a look on 
Antex’s website and they say Antex 
replacement bits are manufactured 
from highgrade copper, plated first 
with iron and then chrome to give a 
long working life. Farnell say that the 
replacement tips are made from iron 
and chrome plated which last longer 


than iron and bright nickel tips. I have 
brought replacement tips from all over 
the place and never had a problem. 


Istedman: I have had no issues with 
soldering iron tips, last one I bought was 
about a year ago. Two points to note: 

I was always taught to tin the tip for 
the first time as the iron is heating up. 
Just dangle the solder on the tip until it 
melts. Always use distilled water on 
your soldering iron sponge, tap water 
damages the tips due to some chemical 
reaction. I have always followed these 
tips and had no problems. 


Davy: On a related point, I switched to 
lead free about a year ago. Since then 
I’ve found my bits don’t last very long at 
all (all Antex). Should I be using a dif- 
ferent type of bit? 


Alan Jones: I recall reading — more 
years ago than I care to remember — that 
new soldering iron tips (of whatever 
brand) have some sort of thin coating 
(wax?) to protect them in storage and 
that this must be removed prior to use. 
The recommended method was to leave 
the iron on for about ten minutes to burn 
off the coating, and then try to tin it. If it 
wouldn’t tin properly the wax was still 
there, so wait a bit longer. 

On a related subject, I have found that 
a soldering iron tip cleaner sold by 
Squire’s (usual disclaimer) does exactly 
what it says. It keeps the tip clean and 
tins it at the same time. Like Richard 
Hinckley, I have been stocking up on 
ordinary solder before it becomes illegal 
to sell it: my ambition now is to live long 
enough to be forced to make the change 
to lead free! 


Dean Huster: Makes the 63/36 solder 
in 5-pound rolls look really attractive, 
these days. I know that Weller tips were 
copper-based, iron-plated the business end 
and chrome-plated the rest to help control 
oxidation and keep solder from creeping 
all over the tip where you didn’t need it. I 
won't be the least bit surprised when iron 
manufacturers start to make the tips from 
iron-clad aluminum, most likely alu- 
minum with copper cladding and iron 
plating over that. It would make a lot more 
sense to do that rather than steel in lieu of 
copper because of the better heat conduc- 
tion over steel. 

I guess that I’m not in the trenches 
enough anymore. Is there legislation in the 
UK to eliminate lead completely that’s 
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imminent? What about the US — is there 
something going on here, too? It doesn’t 
seem that critical here yet. . . either that, 
or my head’s in the sand. 


Porie: I’ve had no end of trouble 
changing to lead-free. One tip (sorry!) 
I would recommend — when the tip is 
new, and before you heat it up! clean it 
with a piece of green kitchen scourer. 
When it’s hot it should then “tin” OK. 
Unfortunately, some tips I’ve had 
repeatedly retarnish and you can’t use 
the green scourer on a hot iron. 


Richard came back to me, saying; 


The comments on the CZ were use- 
ful — it is so long since I changed my 
bit I'd forgotten the trick of applying 
some solder when the iron is heating 
up. I seem to be making better use of 
the new bit now. The new materials 
don’t seem to let the solder adhere 
quite as well as the old copper bits, 
which is probably supposed to be an 
advantage, although I still think I pre- 
fer the old ones. 


We also sent Richard’s query on to 
Antex for their comments and received 
this reply: 


I think the problem may be related to 
the fact that Antex soldering bits are not 
supplied tinned. Some manufacturers 
have already tinned their replacement 
soldering iron bits before shipping. At 
Antex we do not do this. The main rea- 
son is to try and keep the cost of manu- 
facturing down in order that we can 
offer a good price in the market. (We 
still manufacture in the UK unlike all 
other soldering iron companies). 

It is therefore important to tin the 
new soldering iron bit the first time it 
is used whilst the iron is heating up. If 
you do not do this as the iron heats up 
an oxide forms and it is thereafter very 
difficult to tin the bit. I should also 
point out that filing the tip will remove 
the iron plating on the bit which is put 
there to prolong the bit life. 

Tan Lockhart, Sales Director, 
Antex (Electronics) Limited 
(www.antex.co.uk) 


Thanks Ian and readers for all your 
comments. I’ve not actually used an 
iron for several weeks now, but I'll 
bear them in mind when next I do. 
Thanks Richard for sparking this off: 
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Rally Comps, FR4 and Hidden 
Dangers 


Dear EPE, 

Ken Barry’s letter (Readout, Oct ‘05) 
reminds me of my early days in electron- 
ics. As a schoolboy in the early seventies, 
beginning to explore electronics on a 
shoe-string pocket-money budget, I got 
all my components by reclaiming them 
from old p.c.b.s in our local electronics 
junk shop. 

It is little wonder that nothing I tried 
ever worked, until eventually the elation 
of my first functional two-transistor 
astable multivibrator making a note in a 
scrap loudspeaker. 

I wouldn’t use reclaimed components 
now, as Ken says, our time is too pre- 
cious, but we all had to start somewhere. 

In response to Paul’s request for unclad 
FR4 laminate (same Readout), I have had 
a similar requirement in the past and 
resorted to using some single-sided 
board and removed the cladding. 

Using a hot air gun (commonly used 
for paint stripping), warm the copper 
cladding to loosen the adhesive, then you 
will find it pulls off fairly easily. Mind 
your fingers though! 

Also, Harry Weston’s letter (Readout, 
Dec ’°05) is a very good point, well made. 
He might also like to be aware that 
metal-chassis equipment with a mains 
input filter relies on the earth wire in the 
mains lead to remain safe. Disconnect it 
(deliberately or through a fault), and the 
chassis floats to AC through the leakage 
in the mains filter, also making any non- 
earthed equipment connected to it live 
through the OV connection (commonly 
connected to chassis). I know — I’ve been 
the alternative current path to earth! 

Ken Wood, via email 


Thanks for the comments Ken. You 
obviously learned from the experience of 
using reclaimed components, and perse- 
vered. As I said before, learning how to 
check for faulty parts has merit in its own 
right. 

I too have been an “alternative current 
path to earth” and know that when it 
comes to mains electricity, we have to 
take all precautions we can, as we try to 
express in EPE when publishing mains 
driven projects. 


Pain Monitor 


Dear EPE, 

Firstly, just want to say that I think 
your CD Assembly for PICmicro V3.0 is 
really good. I have also the Development 
Board Mk2 and am really enjoying it. I 
do all the exercises and am half way 
through. 

Regarding your Pain Monitor (Aug 
“O5), we had a lecturer in post graduate 
electronic engineering, Heiko Rudolph 
(website www.rmit.edu.au/browse/ 
2QRY=heiko+rudolph&STYPE=PEO 
PLE) who helped design and build a 
patient controlled analgesia (PCA) 
device whereby patients could self-med- 
icate, controlling the amount of analgesia 
going into their bodies. It is possible if 
Heiko were to know about your device 
he may be able to offer some further sug- 
gestions to make it even more beneficial. 
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It may for example tell the potential 
users of PCA how effective and how 
quickly their pain is dissipated after 
pressing the PCA by using the data from 
the Pain Monitor. 

Peter Barrett, Australia 


Thanks for the kind words and the info 
Peter. Readers interested in this subject 
might care to contact Heiko via his website. 


Teach In 2006 Part 2 


Dear EPE, 

As a mathematician and computer nerd 
for nigh on 40 years, I am not too keen in 
putting units of measurement into alge- 
braic equations, but if you must, then you 
must be consistent. So, in Teach In Part 2 
Example 2.2, after, “Re-arranging giv- 
ing:” there should be an “A” for amps in 
the line -0.5 —-I= 0. 

Please keep up the good work. 

Phil Warn, Orpington, Kent 
via email. 


Mike Tooley replied to Phil: 


With regard to including units in for- 
mulae, I realise that this is not considered 
to be “good practice” and I agonised 
about whether I should do this, or not. 
However, having taught electronics for 
nearly 40 years to large numbers of stu- 
dents, ’ve found that they often find it 
easier to understand formulae if the units 
are included in the formula — at least ini- 
tially. My main reason for doing this is to 
emphasise the importance of recognising 
the fact that the unit (and the multiple of 
it) are important. 

Including the units and multiples also 
helps students avoid the need to convert 
back to the basic units each time. For 
example, they can work in kQ and mA 
and produce an answer directly in V. 

So, instead of using: V = 0-003 
x10,000 = 30 V, I would use: V = 3mA x 
10kQ = 30 V. 

You would be amazed to find how 
many students get the first version wrong 
these days! 

Thanks again for getting back to me 
on this — your “input” is very much 
appreciated. 

Mike Tooley, via email 


Phil also spotted the error in Example 
2.2 and we covered this at the end of Part 
Three. 


Scart Leads and Cable Detectors 


Dear EPE, 

I have been following the discussions 
regarding analogue TV signals being 
switched off over the next few years. 
Anyone trying to connect their digital set- 
top box and perhaps a DVD player will 
probably use scart leads. Does anyone agree 
with me in thinking that scart leads are 
extremely poor, even the expensive ones? 

1. Why are the plugs angled to one 
side? These foul nearby connectors or 
cables and if the cable has to be fed in 
from the opposite side to the angled plug, 
the stiffness of the cable can disconnect 
the plug. I note that new types are 
appearing on the market with square 


plugs and ribbon type cables which have 
to be an improvement. 

2. Why are they not held firmly in 
place with screws, as you have for com- 
puter connections? The plugs are a very 
poor fit into the sockets and the slightest 
movement of the equipment will cause a 
disconnection. My wife does it regularly 
when she does the dusting. 

3. Why are they typically supplied in 
lengths of one and a half metres? The 
units (digital box, DVD, VCR etc.) are 
usually stacked on top of each other need- 
ing only very short leads. The result is a 
tangled mess of cables stuffed behind the 
units which is not good practice. It is not 
too much of a problem for those of us who 
are capable of doing a bit of soldering to 
shorten them but what about members of 
the public who are not able to do this? 

Before analogue TV _ signals are 
switched off I think that the industry has 
to get its act together and provide better 
quality connections for the equipment. 

Also, I have just purchased a pipe and 
cable detector from my local DIY store 
and found that it gave a disappointing 
performance. I was trying to locate a 
15mm copper pipe in a partition wall 
consisting of two skins of plasterboard 
with a cardboard egg crate centre. The 
pipe was immediately behind the plaster- 
board (about 12mm from the surface) but 
the detector failed to find it. 

Does anyone know of a circuit for such 
a detector which is more sensitive and 
perhaps has the ability to be adjusted for 
its depth of penetration into a wall or 
floor? 

Colin Rimington, Solihull, 
West Midlands. 


Thanks for the pertinent observations 
Colin. Readers, can anyone help Colin 
with this question? 


Prop Monitor 


Dear EPE, 

I was very interested in the Propeller 
Monitor (Dec ’05). There has been some 
discussion recently in the Gauge 1 Model 
Railway Group about measuring the effi- 
ciency of the model steam locomotives 
and I believe the circuit could be adapted 
to do this. 

By using a multi-segment wheel the 
speed of the locomotive can be measured 
in mm/sec instead of the RPS in the origi- 
nal circuit. The solenoid oscillator section 
with a suitable spring will measure the pull. 
The RPM calculation can be replaced with 
work done. The only reservation I have at 
the moment is the temperature stability of 
the solenoid oscillator because the temper- 
ature environment for garden railways is a 
very variable beast. Ideally it would need 
an additional couple of channels of data 
logging, but that’s another story. 

Alan Coombe, via email 


We know a few other readers are inter- 
ested in model railways and your possi- 
ble idea could be of use to those who also 
know PIC programming and can modify 
the code to suit. 

I don’t know about temperature stabil- 
ity of the solenoid oscillator, but I guess 
you are possibly right. 
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FREE Two booklets and a Circuit Surgery 
CD-ROM with Teach-In 2000 CD-ROM 


EPE TEACH-IN 
2000 CD-ROM 


The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov ’99 to Oct 2000) is now 
available on CD-ROM in PDF form. Plus the Teach-In 
2000 interactive software (Win 95, 98, ME and above) 


covering all aspects of the series and 
Alan Winstanley’s Basic Soldering Guide (including 
illustrations and Desoldering). 

Teach-In 2000 covers all the basic principles of electron- 
ics from Ohm’s Law to Displays, including Op.Amps, Logic 
Gates etc. Each part has its own section on the interactive 
software where you can also change component values in 
the various on-screen demonstration circuits. 


The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a 
simple computer interface (Win 95, 98, ME ONLY) 
which allows a PC to be used as a basic oscilloscope. 


ONLY £12.45) including VAT and p&p 


THE AMATEUR SCIENTIST 

CD-ROM 

The complete collection of The Amateur Scientist arti- 
cles from Scientific American magazine. Over 1,000 
classic science projects from a renowned source of 
winning projects. All projects are rated for cost, difficul- 
ty and possible hazards. 

Plus over 1,000 pages of helpful science techniques 
that never appeared in Scientific American. 

Exciting science projects in: Astronomy; Earth Science; 
Biology; Physics; Chemistry; Weather . . . and much 
more! The most complete resource ever assembled for 
hobbyists, and professionals looking for novel solutions 
to research problems. 

Includes extensive Science Software Library with even 
more science tools. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM 
minimum, Netscape 4.0 or higher or Internet Explorer 
4.0 or higher. 

Over 1,000 projects 


CD-ROM Order code ASICD-ROM £19.95 


PROJECT 
CONSTRUCTION 


IC 555 PROJECTS 

E. A. Parr 

Every so often a device appears that is so useful that 
one wonders how life went on before without it. The 555 
timer is such a device. Included in this book are over 70 
circuit diagrams and descriptions covering basic and 
general circuits, motor car and model railway circuits, 
alarms and noise makers as well as a section on 556, 
558 and 559 timers. (Note. No construction details are 
given.) A reference book of invaluable use to all those 
who have any interest in electronics, be they profession- 
al engineers or designers, students or hobbyists. 


167 pages Order code BP44 £5.49 


POWER SUPPLY PROJECTS 

R. A. Penfold 

This book offers a number of power supply designs, 
including simple unstabilised types, and variable voltage 
stabilised designs, the latter being primarily intended for 
use as bench power supplies for the electronics work- 
shop. The designs provided are all low voltage types for 
semiconductor circuits. The information in this book 
should also help the reader to design his own power 
supplies. Includes cassette PSU, Ni-Cad charger, volt- 
age step-up circuit and a simple inverter. 


91 pages Order code BP76 £5.49 
HOW TO USE OSCILLOSCOPES AND OTHER TEST 
EQUIPMENT 
R. A. Penfold 


This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, 
and provides advice on buying. A separate chapter 
deals with using an oscilloscope for fault finding on 
linear and logic circuits, plenty of example waveforms 
help to illustrate the control functions and the effects of 
variouus fault conditions. The function and use of vari- 
ous other pieces of test equipment are also covered, 
including signal generators, logic probes, logic pulsers 
and crystal calibrators. 


Order code BP267 £5.49 


104 pages 


74 


DIRECT BOOK 
SERVICE 


The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to every- 
one involved in electronics and computing. They are supplied 
by mail order direct to your door. Full ordering details are given 


on the last book page. 


FOR A FURTHER SELECTION OF BOOKS 


SEE THE NEXT TWO ISSUES OF EPE. 


All prices include UK postage 


ELECTRONIC PROJECT BUILDING 

FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practi- 
cal side of this fascinating hobby, including the following 
topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem” projects to 
work, including simple methods of fault-finding. 

In fact everything you need to know in order to get start- 
ed in this absorbing and creative hobby. 


Order code BP392 £5.49 


TEST EQUIPMENT CONSTRUCTION 

R. A. Penfold 

This book describes in detail how to construct some simple and 
inexpensive but extremely useful, pieces of test equipment. 
Stripboard layouts are provided for all designs, together with 
wiring diagrams where appropriate, plus notes on construction 
and use. 

The following designs are included:- 

AF Generator, Capacitance Meter, Test Bench Amplifier, AF 
Frequency Meter, Audio Mullivoltmeter, Analogue Probe, High 
Resistance Voltmeter, CMOS Probe, Transistor Tester, TTL 
Probe. The designs are suitable for both newcomers and more 
experienced hobbyists. 


Order code BP248 £4.49 


COMPUTING 


COMPUTING FOR THE OLDER GENERATION 

Jim Gatenby 

Especially written for the over 50s, using plain English 
and avoiding technical jargon. Large clear type for easy 
reading. 

Among the many practical and useful ideas for using 
your PC that are covered in this book are: Choosing, set- 
ting up and understanding your computer and its main 
components. Writing letters, leaflets, invitations, etc., and 
other word processing jobs. Keeping track of your 
finances using a spreadsheet. Recording details of holi- 
days and other ideas using a database. Using the Internet 
to find useful information, and email to keep in touch with 
family and friends. Making ‘back-up’ copies of your work 
and checking for viruses. How to use Windows XP to help 
people with impaired vision, hearing or mobility. 

Provides the basic knowledge so you can gain enough 
confidence to join the local computer class. 


Order code BP601 £8.99 


THE INTERNET FOR THE OLDER GENERATION 

Jim Gatenby 

Especially written for the over 50s. Uses only clear and 
easy-to-understand language. Larger type size for easy 
reading. Provides basic knowledge to give you confidence 
to join the local computer class. 

This book explains how to use your PC on the Internet 
and covers amongst other things: Choosing and setting 
up your computer for the Internet. Getting connected to 
the Internet. Sending and receiving emails, photographs, 
etc., so that you can keep in touch with family and friends 
all over the world. Searching for and saving information on 
any subject. On-line shopping and home banking. Setting 
up your own simple web site. 


228 pages Order code BP600 £8.99 


135 pages 


104 pages 


308 pages 


RADIO 


SETTING UP AN AMATEUR RADIO STATION 
I. D. Poole 
The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the experience 
which is needed is learned by one’s mistakes, however, 
this can be expensive. To help overcome this, guidance is 
given on many aspects of setting up and running an effi- 
cient station. It then proceeds to the steps that need to be 
taken in gaining a full transmitting licence. 

Topics covered include: The equipment that is needed; 
Setting up the shack; Which aerials to use; Methods of 
construction; Preparing for the licence. 


Order code BP300 £4.45 


EXPERIMENTAL ANTENNA TOPICS 

H. C. Wright 

Although nearly a century has passed since Marconi's first 
demonstration or radio communication, there is still 
research and experiment to be carried out in the field of 
antenna design and behaviour. 

The aim of the experimenter will be to make a measure- 
ment or confirm a principle, and this can be done with 
relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of card- 
board, cooking foil, plastic bottles, cat food tins, etc. 

Although primarily a practical book with text closely 
supported by diagrams, some formulae which can be used 
by straightforward substitution and some simple graphs 
have also been included. 


Order code BP278 £4.00 


25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll 
Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or a 
lack of garden space etc. prevents aerials from being 
erected. This does not mean you have to forgo shortwave- 
listening, for even a 20-foot length of wire stretched out 
along the skirting board of a room can produce acceptable 
results. However, with some additional effort and experi- 
mentation one may well be able to improve performance 
further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. 


Order code BP136 £2.25 


TICKLING THE CRYSTAL Domestic British Crystal Sets 
of the 1920’s 

lan L. Sanders 

The first book dedicated to the topic of British crystal sets 
to be published in the last 25 years. For a very brief peri- 
od during the early 1920's, these simple receivers played 
a crucial role in the expansion of domestic wireless 
throughout the United Kingdom. For many families, rich 
and poor, the crystal set provided an introduction to the 
new pastime of listening-in to broadcast programmes. 
Rapidly made obsolete from homes as suddenly as it had 
arrived, but not without leaving its mark on the history of 
wireless. 

Written by a long-time authority and enthusiast, Tickling 
the Crystal is the most comprehensive work on the subject 
ever assembled. Containing almost two hundred excellent 
quality photographs and a wealth of previously unpublished 
material, it cannot fail to be an invaluable reference for any- 
one interested in the history of early wireless receivers. 


Order code TC1 £34.00 


86 pages 


72 pages 


50 pages 


256 pages hardback 
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THEORY AND REFERENCE 


BEBOP TO THE BOOLEAN BOOGIE 
Second Edition 
Clive (call me Max) Maxfield 


This book gives the “big picture” of digital electronics. 
This indepth, highly readable, up-to-the-minute guide 
shows you how electronic devices work and how they're 
made. You'll discover how transistors operate, how print- 
ed circuit boards are fabricated, and what the innards of 
memory ICs look like. You'll also gain a working knowl- 
edge of Boolean Algebra and Karnaugh Maps, and 
understand what Reed-Muller logic is and how it’s used. 
And there’s much, MUCH more. The author's tongue-in- 
cheek humour makes it a delight to read, but this is a 
REAL technical book, extremely detailed and accurate. 

Contents: Fundamental concepts; Analog versus digi- 
tal; Conductors and insulators; Voltage, current, resis- 
tance, capacitance and inductance; Semiconductors; 
Primitive logic functions; Binary arithmetic; Boolean alge- 
bra; Karnaugh maps; State diagrams, tables and 
machines; Analog-to-digital and  digital-to-analog; 
Integrated circuits (ICs); Memory ICs; Programmable ICs; 
Application-specific integrated circuits (ASICs); Circuit 
boards (PWBs and DWBs); Hybrids; Multichip modules 
(MCMs); Alternative and future technologies. 


Order code BEB1 


Sy 


470 pages — large format £26.95 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 

Clive (Max) Maxfield and Alvin 
Brown 


This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left off, 
guiding you through the fascinating 
world of computer design .. . and you'll 

have a few chuckles, if not belly laughs, along the way. In 
addition to over 200 megabytes of mega-cool multimedia, 
the CD-ROM contains a virtual microcomputer, simulating 
the motherboard and standard computer peripherals in 
an extremely realistic manner. In addition to a wealth of 
technical information, myriad nuggets of trivia, and 
hundreds of carefully drawn illustrations, the CD-ROM 
contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences of 
early computer pioneers. If you're the slightest bit 


Wee 


interested in the inner workings of computers, then don’t 
dare to miss this! 
Over 800 pages in Adobe Acrobat format 


Order code BEB2 CD-ROM 


CD-ROM 


£21.95 


RADIO! RADIO! (Third Edition) 
Jonathan Hill 

A celebration in words and pictures of the development 
of the British wireless set from it’s experimental begin- 
nings in Victorian England, to the foundation of a domes- 
tic wireless manufacturing industry and the inception of 
broadcasting in the early 1920’s. The story continues on 
throught the design-conscious 1930’s (where the radio 
really came into it's own as a piece of furniture), to the 
war-torn and austere days of the 1940's. 

The first transistor radios began to appear in the second 
half of the 1950s and in this new edition, this rather neglect- 
ed area has been fully covered by a section all of it’s own 
which includes a directory listing of nearly 3,000 different 
transistor models. The book finishes after the 1960s, by 
which time our long established and once great radio 
industry had all but been destroyed by foreign imports. 

Now with 320 pages and over 1,000 illustrations, infor- 
mative captions and carefully researched text Radio! 
Radio! is the first and still the only truly comprehensive 
book of its kind ever to be published. 

Order code RR1 


320 pages (A4 Hardback) £40.95 


GETTING THE MOST FROM YOUR MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis- 
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experi- 
ence is assumed. Using these simple component and cir- 
cuit testing techniques the reader should be able to con- 
fidently tackle servicing of most electronic projects. 


Order code BP239 £5.49 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and techni- 
cians, seeks to establish a firm foundation in digital elec- 
tronics by treating the topics of gates and flip-flops thor- 
oughly and from the beginning. 

No background other than a basic knowledge of 
electronics is assumed, and the more theoretical topics 
are explained from the beginning, as also are many 
working practices. The book concludes with an expla- 
nation of microprocessor techniques as applied to 


digital logic. 
Order code PC106 £9.95 


PRACTICAL ELECTRONICS HANDBOOK — 
Fifth Edition. lan Sinclair 

Provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore 
enough background to allow the understanding and 
development of a range of basic circuits. 

Contents: Passive components, Active discrete 
components, Circuits, Linear |.C.s, Energy conversion 
components, Digital I.C.s, Microprocessors and 
microprocessor systems, Transferring digital data, 
Digital-analogue conversions, Computer aids in elec- 
tronics, Hardware components and practical work, 
Micro-controllers and PLCs, Digital broadcasting, 
Electronic security. 


Order code NE21 


96 pages 


200 pages 


440 pages £19.99 


MUSIC, AUDIO AND VIDEO 


QUICK GUIDE TO ANALOGUE SYNTHESIS 

lan Waugh 

Even though music production has moved into the digi- 
tal domain, modern synthesisers invariably use ana- 
logue synthesis techniques. The reason is simple — 
analogue synthesis is flexible and versatile, and it’s rel- 
atively easy for us to understand. The basics are the 
same for all analogue synths, and you'll quickly be able 
to adapt the principles to any instrument, to edit exist- 
ing sounds and create exciting new ones. This book 
describes: How analogue synthesis works; The essen- 
tial modules every synthesiser has; The three steps to 
synthesis; How to create phat bass sounds; How to 
generate filter sweeps; Advanced synth modules; How 
to create simple and complex synth patches; Where to 
find soft synths on the Web. 

If you want to take your synthesiser — of the hardware 
or software variety — past the presets, and program 
your own sounds and effects, this practical and well- 
illustrated book tells you what you need to know. 


60 pages Order code PC118 £7.45 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? Will they make music 
easier to buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this 
concise and practical book which explains everything 
you need to know about MP3s in a simple and easy-to- 
understand manner. It explains: 

How to play MP3s on your computer; How to use 
MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP3s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital audio 


music formats. 
Order code PC119 £7.45 


60 pages 

ELECTRONIC PROJECTS FOR VIDEO ENTHUSIASTS 

R. A. Penfold 

This book provides a number of practical designs for 
video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including stripboard layouts and wiring dia- 
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 


The projects covered in this book include: Four chan- 
nel audio mixer, Four channel stereo mixer, Dynamic 
noise limiter (DNL), Automatic audio fader, Video 
faders, Video wipers, Video crispener, Mains power 


supply unit. 
Order code BP356 £5.45 


109 pages 


THE INVENTOR OF STEREO — THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 

Robert Charles Alexander 

This book is the definitive study of the life and works of 
one of Britain’s most important inventors who, due to a 
cruel set of circumstances, has all but been overlooked by 
history. 

Alan Dower Blumlein led an extraordinary life in which his 
inventive output rate easily surpassed that of Edison, but 
whose early death during the darkest days of World War 
Two led to a shroud of secrecy which has covered his life 
and achievements ever since. 

His 1931 Patent for a Binaural Recording System was 
so revolutionary that most of his contemporaries regard- 
ed it as more than 20 years ahead of its time. Even years 
after his death, the full magnitude of its detail had not 
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been fully utilized. Among his 128 patents are the princi- 
pal electronic circuits critical to the development of the 
world’s first elecronic television system. During his short 
working life, Blumlein produced patent after patent 
breaking entirely new ground in electronic and audio 
engineering. 

During the Second World War, Alan Blumlein was deeply 
engaged in the very secret work of radar development and 
contributed enormously to the system eventually to become 
‘H25’ — blind-bombing radar. Tragically, during an experi- 
mental H2S flight in June 1942, the Halifax bomber in which 
Blumlein and several colleagues were flying, crashed and 
all aboard were killed. He was just days short of his thirty- 


ninth birthday. 
Order code NE32 


420 pages 


VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this book 
contains a collection of electronic projects specially designed 
for video enthusiasts. All the projects can be simply con- 
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, an 
audio mixer and noise reducer to enhance your sound- 
tracks and a basic computer control interface. Also, 
there’s a useful selection on basic video production 
techniques to get you started. 

Complete with explanations of how the circuit works, shop- 
ping lists of components, advice on construction, and guid- 
ance on setting up and using the projects, this invaluable 
book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black and white 
keyer, vertical wiper, audio mixer, stereo headphone 
amplifier, dynamic noise reducer, automatic fader, pushbut- 
ton fader, computer control interface, 12 volt mains power 


supply. £1085 
124 pages Order code PC115 £5.45 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 

R. A. Penfold 

Practical construction details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. includes MOSFET and bipolar transistor 
designs. 


£17.99 


96 pages Temporarily out of print 
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FAULT FINDING, CIRCUTTS AND DESIGN 


DISCOVERING PICS BOOK + CDROM 
W.D.Phillips + HARDWARE 

A good introduction to PIC pro- 

gramming, covering everything you need to know to get 
you started. No previous knowledge of microcontrollers is 
required, but some previous experience with electronic cir- 
cuits is assumed. Covers the basic concept of a microcon- 
troller, fundamentals of a PIC-based circuit and using the 
MPLAB program. Further chapters introduce binary, PIC 
architecture, the instruction set, the PIC memory map and 
special registers plus real world programming. Four simple 
projects are also fully described; a Wavy Wand, an 
Electronic Dice, a Games Timer and a Pulse Monitor. 

The associated CDROM contains the book in PDF format, 
MPLAB (plus instruction manuals in PDF format) and all the 
programs covered in the book as assembler (ASM) files. 

In addition a p.c.b. based hardware kit is also available that 
makes up into the Wavy Wand which will spell out a short 
message via a line of l.e.d.s when waved through the air. 


190 pages, A4 spiral bound 
Book + CDROM Order code DOC1 BazAuly) 


Book + CDROM + Hardware Order code DOC2—Ex:E5u) 


PRACTICAL OSCILLATOR CIRCUITS 

A. Flind 

Extensive coverage is given to circuits using capacitors 
and resistors to control frequency. Designs using 
CMOS, timer i.c.s and op.amps are all described in 
detail, with a special chapter on “waveform generator” 
i.c.s. Reliable “white” and “pink” noise generator circuits 
are also included. Various circuits using inductors and 
capacitors are covered, with emphasis on stable low fre- 
quency generation. Some of these are amazingly simple, 
but are still very useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output frequen- 
cies. Finally, complete constructional details are given for 
an audio sinewave generator. 


133 pages Order code BP393 £5.49 


PIC IN PRACTICE 

David W. Smith 

A graded course based around the practical use of the PIC 
microcontroller through project work. Principles are intro- 
duced gradually, through hands-on experience, enabling 
hobbyists and students to develop their understanding at 
their own pace. The book can be used at a variety of levels. 
Contents: Introduction to the PIC microcontroller; 
Programming the 16F84 microcontroller; Using inputs; 
Keypad scanning; Program examples; The 16C54 micro- 
controller; Alphanumeric displays; Analogue to digital 
conversion; Radio transmitters and receivers; EEPROM 
data memory; Interrupts; The 12C5XX 8-pin microcon- 
troller; The 16F87X microcontroller; The 16F62X micro- 


controller; Projects; Instruction set, files and registers; 
Appendices; Index. 


Order code NE39 £17.49 


COIL DESIGN AND CONSTRUCTIONAL MANUAL 

B. B. Babani 

A complete book for the home constructor on “how to 
make” RF, IF, audio and power coils, chokes and 
transformers. Practically every possible type is dis- 
cussed and calculations necessary are given and 
explained in detail. Although this book is now twenty 
years old, with the exception of toroids and pulse 
transformers little has changed in coil design since it 


was written. 
Order code BP160 £4.49 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 

Robin Pain 

To be a real fault finder, you must be able to get a feel for what 
is going on in the circuit you are examining. In this book Robin 
Pain explains the basic techniques needed to be a fault finder. 

Simple circuit examples are used to illustrate principles and 
concepts fundamental to the process of fault finding. This is 
not a book of theory, it is a book of practical tips, hints and 
rules of thumb, all of which will equip the reader to tackle any 
job. You may be an engineer or technician in search of infor- 
mation and guidance, a college student, a hobbyist building a 
project from a magazine, or simply a keen self-taught ama- 
teur who is interested in electronic fault finding but finds books 
on the subject too mathematical or specialised. 

The fundamental principles of analogue and digital fault 
finding are described (although, of course, there is no such 
thing as a “digital fault” — all faults are by nature analogue). 
This book is written entirely for a fault finder using only the 
basic fault-finding equipment: a digital multimeter and an 
oscilloscope. The treatment is non-mathematical (apart from 
Ohm's law) and all jargon is strictly avoided. 


Order code NE22 £25.99 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 
R. A. Penfold 
The first part of this book covers standard operational 
amplifer based “building blocks” (integrator, precision 
rectifier, function generator, amplifiers, etc), and consid- 
ers the ways in which modern devices can be used to give 
superior performance in each one. The second part 
describes a number of practical circuits that exploit mod- 
ern operational amplifiers, such as high slew-rate, ultra 
low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA pre- 
amplifier, audio power amplifiers, d.c. power controllers, 
opto-isolator audio link, audio millivolt meter, temperature 
monitor, low distortion audio signal generator, simple 
video fader, and many more. 


Order code BP335 £5.45 


272 pages 


96 pages 


274 pages 


120 pages 
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All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
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A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since many 
of the fundamental concepts of digital design tend to seem 
rather abstract, and remote from obviously useful applica- 
tions. This book covers the basic theory of digital electronics 
and the use of CMOS integrated circuits, but does not lose 
sight of the fact that digital electronics has numerous “real 
world” applications. 

The topics covered in this book include: the basic 
concepts of logic circuits; the functions of gates, invert- 
ers and other logic “building blocks”; CMOS logic i.c. 
characteristics, and their advantages in practical circuit 
design; oscillators and monostables (timers); flip/flops, 
binary dividers and binary counters; decade counters 
and display drivers. 


Order code BP333 £5.45 


AUDIO AMPS 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with valve 
(tube in USA) audio equipment — as an electronics exper- 
imenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacu- 
um tube, whether audio enthusiasts tackling their first 
build, or more experienced amplifier designers seeking to 
learn the ropes of working with valves. The practical side 
of this book is reinforced by numerous clear illustrations 
throughout. 


368 pages 


119 pages 


Order code NE40 £21.99 


AUDIO AMPLIFIER PROJECTS 

R. A. Penfold 

A wide range of useful audio amplifier projects, each 
project features a circuit diagram, an explanation of the 
circuit operation and a stripboard layout diagram. All 
constructional details are provided along with a shop- 
ping list of components, and none of the designs 
requires the use of any test equipment in order to set 
up properly. All the projects are designed for straight- 
forward assembly on simple circuit boards. 

Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and 
GP preamplifier, Scratch and rumble filter, RIAA pre- 
amplifier, Tape preamplifier, Audio limiter, Bass and treble 
tone controls, Loudness filter, Loudness control, Simple 
graphic equaliser, Basic audio mixer, Small (300mW) audio 
power amp, 6 watt audio power amp, 20/32 watt power 
amp and power supply, Dynamic noise limiter. 

A must for audio enthusiasts with more sense than 
money! 
116 pages Order code PC113 £10-95 £5.45 
VALVE AMPLIFIERS 
Second Edition. Morgan Jones 
This book allows those with a limited knowledge of the 
field to understand both the theory and practice of valve 
audio amplifier design, such that they can analyse and 
modify circuits, and build or restore an amplifier. Design 
principles and construction techniques are provided so 
readers can devise and build from scratch, designs that 
actually work. 

The second edition of this popular book builds on its 
main strength — exploring and illustrating theory with 
practical applications. Numerous new sections include: 
output transformer problems; heater regulators; phase 
splitter analysis; and component technology. In addition to 
the numerous amplifier and preamplifier circuits, three 
major new designs are included: a low-noise single- 
ended LP stage, and a pair of high voltage amplifiers for 
driving electrostatic transducers directly — one for head- 
phones, one for loudspeakers. 


Order code NE33 £32.99 


288 pages 
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EPE PIC m 


ST, 
ELECTRONICS 


RESOURCES 
CD-ROM V2 


Version 2 includes the EPE PIC 
Tutorial V2 series of Supplements ONLY 


(EPE April, May, June 2003) o4 4 45 


The CD-ROM contains the following INCLUDING 
Tutorial-related software and texts: VAT and P&P 


@ EPE PIC Tutorial V2 complete series of articles plus Order on-line from 
demonstration software, John Becker, April, May, June '03 www.epemag.wimborne.co.uk/shopdoor.htm 


: ‘ P or www.epemag.com (USA § prices) 
®@ PIC Toolkit Mk3 (TK3 hardware construction details), : 
John Becker, Oct ’01 or by Phone, Fax, Email or Post. 


@ PIC Toolkit TK3 for Windows (software details), John 


Becker, Nov '01 EPE PIC RESOURCES V2 
Plus these useful texts to help you get the most out of your CD-ROM ORDER FORM 


PIC programming: 
Please send me (quantity) EPE PIC RESOURCES V2 CD-ROM 
® How to Use Intelligent L.C.D.s, Julyan Ilett, Feb/Mar ’97 
@ PIC16F87x Microcontrollers (Review), John Becker, 
April 99 
@ PIC16F87x Mini Tutorial, John Becker, Oct ’99 
® Using PICs and Keypads, John Becker, Jan ’01 
® How to Use Graphics L.C.D.s with PICs, John Becker, 
Feb ’01 


@ PIC16F87x Extended Memory (how to use it), 
John Becker, June ’01 


@ PIC to Printer Interfacing (dot-matrix), John Becker, Post Code 
July ’01 
@ PIC Magick Musick (use of 40kHz transducers), | enclose cheque/P.O./bank draft to the value of £ 
sohn Been ae Please charge my Visa/Mastercard/Amex/Diners Club/ 
® Programming PIC Interrupts, Malcolm Wiles, Mar/Apr ’02 Switch/Maestro 
®@ Using the PIC’s PCLATH Command, John Waller, 
July ’02 
@ EPE StyloPIC (precision tuning musical notes), 
John Becker, July ’02 
® Using Square Roots with PICs, Peter Hemsley, Aug 02 (The last 3 digits on or just under 
® Using TK3 with Windows XP and 2000, Mark Jones, the signature strip) 
Oct ’02 
@ PIC Macros and Computed GOTOs, Malcolm Wiles, 
Jan ’03 


®@ Asynchronous Serial Communications (RS-232), 
John Waller, unpublished 


Price £14.45 each — includes postage to anywhere in the world. 


: ee SEND TO: Everyday Practical Electronics, 
e 2 
Using I*C Facilities in the PIC16F877, John Waller, Wimborne Publishing Ltd., 


EnpePllshed F 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
® Using Serial EEPROMs, Gary Moulton, unpublished Tel: 01202 873872. Fax: 01202 874562. 


® Additional text for EPE PIC Tutorial V2, Email: orders @epemag.wimborne.co.uk 
John Becker, unpublished Payments must be by card or in £ Sterling — cheque or bank draft 


NOTE: The PDF files on this CD-ROM are suitable to drawn ona UK bank. 
use on any PC with a CD-ROM drive. They require Normally supplied within seven days of receipt of order. 
Adobe Acrobat Reader — included on the CD-ROM Send a copy of this form, or order by letter if you do not wish to cut your issue. 


BECOME A PIC WIZARD WITH THE HELP OF EPE! 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
Email: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 

Back numbers or photocopies of articles are available if required — see the Back 
Issues page for details. We do not supply kits or components for our projects. 


Please check price and availability in the latest issue. 


A large number of older boards are listed on our website. 
Boards can only be supplied on a payment with order basis. 


PROJECT TITLE 


PROJECT TITLE Order Code 


3 Pain Monitor 519 
MotorAmp 520 
Back-To-Basics 5 — Kitchen Timer 521 

— Room Thermometer 522 


Al-Band Radio — Full Version 523 
— Mini Version 524 
% Multicore Cable Tester — Main 525 
— Active 526 
Back-To-Basics 6 — Daily Reminder 527 
— Whistle Switch 528 
%& Model Railway Signal Control 529 
% Snooker/Darts Scoreboard 530 


Photic Phone — Transmitter 531 A 
— Receiver 552} pat 
Back-To-Basics 7 — Parking Radar 533 
— Telephone Switch 534 
+ Haloween Howler 535 
%& PIC-Based USB Interface 536 


Keyring L.E.D. Torch AUG ’04 
%& Teach-In ’04 Part 10 — PIC Curtain or Blind Winder 
Simple F.M. Radio — F.M. Tuner 

— Tone Control 

— Audio Power Amp (TDA2003) 

— Power Supply 

— Control Board 

— Display Board 

— Slave Board 

% PIC to Mouse/Keyboard — Software only 


% EPE Scorer 


% PIC Chromatone | Nov ‘05 _| 537 


Back-To-Basics 8 — Noughts and Crosses Enigma 538 

— Weather Vane Repeater 539 
%& Multi-Function R/C Switch 540 
% Speed Camera Watch Mk2 541 


Solid-State Valve Power Supply 542 
%& Vehicle Frost Box Mk2 543 
%* Propeller Monitor 544 
Solid-State Hammond 545 


EPE Wart Zapper 

+ Radio Control Failsafe 
% AlphaMouse Game 

3 Rainbow Lighting Controller — Software only 


SEPT ’04 


%& PIC Ambilux 546 
Sunset Switch 547 
Current Clamp Adaptor for Multimeters 548 
%* Tiptronic-Style Gear Indicator 


— Micro Board 549 ie 


— Display Board 550 nee 


— Hall Speed Board 551 


Moon and Tide Clock Calendar OCT ’04 
Volts Checker 
%& Smart Karts — Software only 


Logic Probe 
Thunderstorm Monitor 
MW Amplitude Modulator 
— V.F.0./Buffer 
— Modulator/PA 


— Power Supply 


DEC ‘04 


Super Vibration Switch 
Wind Direction Indicator 
% PIC Flasher Mk2 — Control Board 
— Transmitter 
— Multipurpose Board 
— Simple Cycler 
— Luxeon V Controller 
— Power Supply 


Light Detector JAN ‘05 
%& Camera Watch 
Gate Alarm — Oscillator 


— Delay/Timer 


+ Sneaky — Transmitter 
— Receiver 
% PIC Electric Mk2 — Control 
— Sensor 
Sound Card Mixer 


Headphone Monitor 
EPE Cat Flap 
%* Bingo Box -—-Main 
— Big Digit Display 
Spontaflex Radio— Tuner 

— Coil Pack 

— Audio Amplifier 

— Tuning Capacitor Board 
%* Safety Interface 
Back-To-Basics 1— Fridge/Freezer Door Alarm 


APR ‘05 


%& Crossword Solver MAY ’05 
20W Amplifier Module 
Back-To-Basics 2 — Water Level Alarm 


— Burglar Alarm 


%* PIC Ultrasonic Scanner 

% Radio Control Model Switcher 

Back-To-Basics 3 — Scarecrow 
— Digital Lock 

CompactFlash Interface Board 


LF/VLF Converter 
— Fixed Capacitor Board 
— Mixer/Oscillator Board 
— Buffer Amplifier 
— Q-Multiplier 
— Tuning Capacitor Board 
Back-To-Basics 4 — Doorchime 
— Electronic Dice 
%& Cybervox 
Multi-Clap Switch 


Audio System 
— Preamplifier 
— Mic. Supply Board 
— Power Amp 
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%& Keypad Alarm 552 

3-Way Active Crossover 553 

Jazzy Heart 554 

Status Monitor — Transmitter ea pair 
— Reciever 556. 


EPE SOFTWARE } 


+ All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 
site, accessible via our home page at: www.epemag.co.uk. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 


“VISA 


(cheque/PO in £ sterling only) to: 


Everyday op 
: Practical Electronics “~~ 


GANG NOM ceccis de ccctecscctissecetitea ister bececee eeresdepves teach fdteesesg teteastees 
Valid From Expiry Date 


Card Security Code ... ... Switch/Maestro Issue No 
(The last 3 digits on or just under the signature strip) 


MasterCard, Amex, Diners 
Club, Visa or Switch/Maestro 


Signature 


NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Web site on a secure server: 


http://www.epemag.wimborne.co.uk/shopdoor.htm 
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